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Foreword
In Oc tober 1971 in Hyderabad, India an internat ional s y m p o s i u m on so rghum w a s
held w h i c h examined and rev iewed the then scient i f ic, product ion, and nutr i t ional
k n o w l e d g e of so rghum as a crop and as a human food .
A l m o s t exact ly 10 years later, ICRISAT hos ted Sorghum in the E i g h t i e s — a n
internat ional s y m p o s i u m sponsored by USAID Tit le XII Collaborative Research
Suppor t Program on Sorghum and Pearl Mi l le t ( INTSORMIL) ; the Indian Counci l of
Agr icu l tura l Research (ICAR); and the Internat ional Crops Research Inst i tu te for
the Semi-Ar id Tropics (ICRISAT).
I t w a s fe l t by the organizers that because so m u c h know ledge and in format ion
had been at ta ined in the in tervening 10 years, sc ient is ts should m e e t again.
Consequent ly , 245 sc ient is ts f r om 37 countr ies a t tended the Sympos ium f r o m 2 
to 7 N o v e m b e r 1981 at ICRISAT Center near Hyderabad. They examined and
evaluated the ach ievements made in the last decade, d iscussed the current
p rob lems, and made recommenda t i ons for fu ture research and other act iv i t ies.
The par t ic ipants s h o w e d a crit ical awareness of so rghum 's role as an impor tan t
cereal for f ood , feed , const ruc t ion mater ia l , and fuel in the deve loped and the
deve lop ing count r ies . On a w o r l d product ion and uti l ization basis, so rghum ranks
f i f th af ter w h e a t , r ice, maize and barley. Abou t 9 0 % of t he tota l product ion and
9 0 % of the harvested area are located in 12 countr ies in Asia, the Amer icas ,
Afr ica, and Oceania.
S o r g h u m is one of t he main staple f ood grains of the wo r l d ' s poorest people ,
part icular ly in the semi-ar id t ropics (SAT). Over 5 5 % of wo r l d so rghum product ion
is in the SAT. Of t he tota l SAT product ion , Asia and Afr ica cont r ibute about 6 5 % ,
of w h i c h 3 4 % is harvested in India. Ma t te rs of considerable concern are that
s o r g h u m produc t ion is g row ing more s lowly than populat ion and that the food
si tuat ion in parts of Afr ica is rapidly deter iorat ing.
Si tuat ions such as these clearly indicate that mo re soc ioeconomic factors w i l l
need to be taken into account to guide and inf luence the direct ion of fu tu re
scient i f ic research on so rghum. The del iberat ions and discussions dur ing the
S y m p o s i u m on factors related to so rghum and its env i ronment , including c l imate ,
insects , fung i , and b i rds; the genet ic resources; breeding for imp rovemen t ;
p roduct ion techno logy ; f ood qual i ty and ut i l izat ion; and the soc ioeconomic issues
s h o w e d tha t many s tud ies w i l l stil l have to be made to fur ther unravel t he
potent ia l i t ies of th is cereal . Sharp not ice has been taken of research f ields w h e r e
there has been litt le progress in the last 10 years.
A ma in value of the S y m p o s i u m has been to de te rm ine w o r k pr ior i t ies for
ICRISAT and the national p rograms in the SAT, and to emphasize the need for
con t inued cooperat ion w i t h o ther inst i tu t ions. Sorghum in the Eighties has been a 
reward ing S y m p o s i u m w h i c h has not lost s ight of the basic object ive to increase
the y ie ld and product ion of bet ter so rghum to feed people.
I bel ieve that the Proceedings of Sorghum in the Eighties wi l l be a p rominen t
benchmark for our fu tu re s tud ies and perspect ives on so rghum in the nex t
decade.
VII
L.D. Swinda le
Director General
Session 6 
Production Technology
Rapporteurs: M. R. Rao
Bhola Nath
Chairman: R. Nicou
Co-Chairman: B. C. G. Gunasekera
At its simplest, a cropping system can be a single
crop, but most farmers grow more than one crop.
In the developing tropics, for example, the farmer
may have to grow several crops to satisfy
different dietary requirements, to spread labor
peaks, or to spread risks caused by the vagaries of
weather, pest attack, or market fluctuations. Thus
a cropping systems approach must recognize that
the farmer often has to optimize returns from a 
combination of crops and that the overall produc-
tivity of the whole system is as important as the
productivity of any individual crop.
A major factor determining overall productivity
is the efficiency with which the cropping system
uses the basic growth resources, especially those
that are limiting. This will depend not only on the
efficiency of the individual crops that make up the
system but also on how well these crops comple-
ment each other in t ime and space. Thus specific-
ally considering sorghum systems, overall produc-
tivity wil l depend partly on the efficiency of the
sorghum crop itself and partly on how well
sorghum fits in with other crops.
It is not within the scope of this paper to
discuss the efficiency of the sorghum crop in any
detail, but it is worth noting that compared with
many other crops sorghum is inherently very
efficient. It emerges quickly and produces a 
relatively rapid ground cover, is efficient at using
limited amounts of water and nutrients, and has a 
C4 photosynthetic pathway and a high crop growth
rate. This is illustrated by some dry-matter accu-
mulation and light interception patterns of sor-
ghum compared wi th groundnut and pigeonpea
(Fig. 1).
This high efficiency of the sorghum crop sug-
* Cropping Systems Agronomists, Farming Systems
Research Program, ICRISAT.
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of the International
gests that complementary resource use between
sorghum and other crops is most likely to occur in
those systems where the peak growing periods of
sorghum and the other crops do not coincide.
Clearly, such temporal differences are achieved
where the other crops are grown as quite sepa-
rate ones either before or after sorghum. As will
be seen later, these systems can be very produc-
tive and a major factor contributing to their
success is the availability of short season sor-
ghum genotypes; in fact, from the cropping
systems viewpoint the importance of these
genotypes lies not so much in their higher yield
potential as in the increased time and opportunity
they provide for other crops. But temporal effects
can also be achieved in intercropping systems
where there is at least some temporal displace-
ment between sorghum and its associated crops,
and such systems will be discussed in some
detail. It will also be seen that even where
temporal differences do not occur, there are some
intercropping systems where sorghum is able to
complement other crops to achieve better spatial
use of resources.
Types of Cropping System
The cropping systems considered in this paper are
briefly defined here and are then discussed in the
following sections.
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Cropping Systems with Sorghum
Intercropping
This can be defined as the growing of two or more
crops on the same piece of land at the same time.
The sowing or harvesting times of the crops can
differ, but their growing periods overlap. The
essential characteristic of this system compared
with the systems listed below is that there is
competition between the crops.
Rotational Cropping
This refers to cycles of crops over a number of
years.
I n t e r c r o p p i n g
The efficiency of intercropping systems are most
often assessed in terms of their land equivalent
ratio (LER) which is defined as the relative land
area that would be required as sole crops to
produce the yields achieved in intercropping.
Though defined in terms of land area, this also
indicates the relative yield advantage of intercrop-
ping; thus an LER value of 1.20 indicates that
intercropping outyields sole cropping by 20%. It
must be appreciated, however, that this indicates
the relative increase in yield achieved by intercrop-
ping compared with growing the same compo-
nent crops at the same t ime but separately. While
this may be the comparison most often required,
it can sometimes be desirable in the broader
cropping systems context to compare intercrop-
ping wi th different crops and different systems.
Examples where this is appropriate will be given
later.
One of the major reasons for higher yields from
intercropping is that the component crops are able
to complement each other and make better
overall use of resources when growing together
than when growing separately. As emphasized
earlier, the greatest scope tor complementary
effects is usually when there are temporal differ-
ences between the crops and thus it is largely on
the basis of broad temporal categories that the
different intercropping systems are considered
below.
Intercropping with Long-season Sorghum
With the long-season, photosensitive sorghums,
temporal complementarity between crops is often
exploited by growing them with an earlier matur-
ing intercrop. A wel l documented example of this
is the mil let/sorghum combination of N. Nigeria
where it is estimated to occupy 18% of the mixed
crop area (Norman 1972). Generally, millet is
sown at the very beginning of the rains and
sorghum is sown a little later. In experiments at
Samaru, Andrews (1972) showed that this system
could give yield advantages of 50% (i.e., LERs of
1.50) and up to 75% greater monetary returns
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Ratoon Cropping
This is where a second crop is grown by cultivat-
ing the regenerating stubble of a first crop.
Relay Cropping
This is where a second crop is sown into a 
standing first crop shortly before harvest. The
system is distinguishable from intercropping be-
cause the period of overlap (usually 2-3 weeks) is
too short for the occurrence of any significant
intercrop competition.
Sequential Cropping
This is a sequence of sole crops where one crop is
sown after the harvest of a previous crop. It is
usually understood to be a sequence within one
cropping year. The terms "double-cropping" and
"triple-cropping" are often used to denote se-
quences of two and three crops, respectively, in
the same year.
Figure 1. Dry-matter production (a) and light 
interception (b) by pigeonpea, sor-
ghum, and groundnut as a function of 
days from sowing. 
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than sole sorghum. If a row arrangement of 1 
sorghum: 2 millet were adopted, a reasonable
crop of cowpea could be grown after the millet
and between the rows of sorghum, and monetary
advantages could be increased to 89% more than
the sole sorghum. In a later study, Andrews
(1974) showed that it was also possible to
introduce an improved dwarf sorghum into this
system and so gain the benefits of higher sor-
ghum yields.
Baker (1979a) reported further work on this
system and emphasized the need for high popula-
tions of each component crop. In fact, high
optimum populations have often been suggested
for intercropping combinations with large tempor-
al differences between crops; in effect the early
maturing crop requires a high population to make
efficient use of early resources, and the later
maturing crop requires a high population to make
efficient use of later resources. Baker also high-
lighted a further feature of these systems which is
that total resource use may be further improved
by including yet a third crop of complementary
growth pattern. Thus Baker showed that total
productivity could be increased by including a 
maize crop that matured after the millet but
before the sorghum, though there was some
sacrifice in sorghum yield.
In Central America, an early maturing maize
crop is commonly grown with long season sor-
ghums; Anderson and Williams (1954) described
this system in Honduras and House and Guiragos-
sian (1978) reported its prevalence in Guatemala,
Honduras, El Salvador, and parts of Mexico. In
these areas, rainfall varies between 1000 and
2000 mm, falling between May and October, but
there is a distinct bimodal distribution with little or
no rainfall in August. The crops may be sown
together but more commonly the maize is sown
at the onset of the rains and the sorghum is sown
3 - 4 weeks later. In some areas an intercrop of
beans may also be added. Maize matures in
August or September and the tops are then
broken over to await drying and harvesting in
November. Sorghum is harvested in December.
The importance of the sorghum in this system lies
in the fact that, despite the high average rainfall,
there is considerable risk of drought because of
the variability of the rainfall, the steep slopes, and
the poor moisture-holding capacity of the soils. In
good years maize is used for the family and
sorghum for poultry, but in bad years, when the
maize fails, sorghum is used as human food. In
addition to this stability aspect, substantial yield
advantages over sole cropping have been re-
ported and breeding efforts are currently directed
to improving sorghum specifically for this system
(Clara 1980).
A combination of maize and beans is also used
for intercropping in long-season sorghum in the
highlands of Ethiopia (Gebrekidan 1977) where
rainfall ranges from 800 to 1000 mm in a bimodal
pattern. Sowing is done about April, in the short
rains. Maize is harvested early for green cobs and
fodder, followed by beans at the beginning of the
long rains; sorghum is harvested in December
after the long rains. No yield details for this
three-crop system have been reported, though
Gebrekidan (1977) has shown advantages for a 
two-crop system of beans with sorghum.
Many other crops have been reported as
intercrops with the long season sorghums, e.g.,
chat (Catha edulis) and sweet potato in Ethiopia
(Gebrekidan 1977), benniseed, roselle, groundnut,
and niger in Nigeria (Yayok 1981; Baker 1978), and
cowpeas in many West African countries (Stoop
1981). Two of the West African systems illustrate,
first, the wide range of objectives that the farmer
may have in terms of the proportion of sorghum
he requires and, second, how significant yield
improvement can be achieved without jeopardiz-
ing these objectives. In the sorghum/groundnut
system the farmer sows predominantly a ground-
nut crop with only a very sparse stand of
sorghum. Clearly in this situation the valuable
groundnut crop is the important component of the
system, but Baker (1978) has shown that worth-
while increases in sorghum yield can still be
achieved without significantly sacrificing ground-
nut. In contrast, the cowpea/sorghum system is
usually a full stand of sorghum with only occasion-
al plants of cowpea. In this situation the staple
cereal is the vital component but again it has been
shown that cowpea yield can be usefully in-
creased without sacrificing the cereal (Serafini,
personal communication).
Intercropping with Short-Season
Sorghum
With Later-maturing Crops
With the short season sorghums, large temporal
differences between the component crops are
achieved by using the sorghum as the earlier
479
maturing crop. This situation is typified by the
sorghum/pigeonpea combination that is particu-
larly important in India and also occurs in East
Africa. In both these areas the sorghum is usually
regarded as the main component; in fact in India,
the traditional objective is to produce a " fu l l " yield
of sorghum with some "additional" yield of
pigeonpea. The farmer achieves this by sowing
several rows of sorghum and only occasional
rows of pigeonpea. While this safeguards the
sorghum yield, however, it severely limits the
pigeonpea contribution and thus yield advantages
are low.
Figure 2 shows the growth patterns of an
improved sorghum/pigeonpea situation where
the pigeonpea was sown in every third row but
the population of each crop was maintained at its
full sole crop level by reducing within-row spac-
ings. The dry matter accumulation of intercropped
sorghum was only slightly less than sole sorghum
and grain yields were similar at 4240 and 4500
kg/ha, respectively. Thus, despite the high sown
proportion of pigeonpea, an almost full yield of
sorghum was achieved by maintaining the full
sorghum population.
Figure 2 also shows that although the pigeon-
pea component suffered considerable competi-
t ion during the period of sorghum growth, it
partially compensated later and was finally able to
produce a dry matter yield equivalent to 53% of
the sole crop. Moreover, because the sorghum
competition largely suppressed the early vegeta-
tive growth of the pigeonpea, the harvest index
was increased from 2 2 % in sole cropping to 3 0 %
in intercropping; thus the intercropped pigeonpea
seed yield was a very considerable 7 2 % of the
sole crop.
It must be emphasized, however, that these
particular figures were obtained from deep Verti-
sols which have a very high moisture holding
capacity and which in the Hyderabad situation
have a potential growing period of about 6 
months: In this situation it is important to com-
pare the intercropping system with other possible
systems such as sequential or relay systems, and
such comparisons will be made in a later section.
On lighter soils, however, there is usualy little or
no opportunity for sequential or relay cropping and
although intercropped pigeonpea yields are usual-
ly less ( 4 0 - 5 0 % of sole crop yields on Alfisols at
ICRISAT), in these situations the yield advantages
indicated for intercropping (e.g., by the LER) are
genuine yield increases over sole cropping.
Sorghum is also found intercropped with other
long-season crops. In Maharashtra state in India a 
typical traditional pattern is several rows of cotton
wi th a strip of two to three rows of sorghum and
pigeonpea, either in separate rows or mixed
within the row. With the introduction of improved
genotypes of cotton there has been a move to
sole cropping though studies have still shown
worthwhile advantage of intercropping. Thus wi th
Lakshmi cotton and CSH-6 sorghum, Prithvi Raj et
al. (1972) showed intercropping yield advantages
of more than 3 0 % for row arrangements of 2 
sorghum:2 cotton or 3 sorghum:2 cot ton;
moreover both these intercrops gave higher
monetary returns than either sole crop.
Sorghum is also one of the cereals intercropped
wi th cotton in Nigeria, though the cotton cash
crop usually suffers considerable competition,
because it is relegated to much later planting than
Figure 2. la) Dry-matter production by sorghum 
and pigeonpea in sole and intercrop 
systems as a function of days from 
sowing; lb) light interception by sole 
pigeonpea, sole sorghum, and com-
bined intercrop as a function of days 
from sowing. 
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the staple cereal. Baker (1979b) has shown that if
both crops are planted early, then profits can be
increased. In Northeast Brazil, perennial cotton is
invariably intercropped during its first year, usually
with maize and cowpeas or beans. With the
increasing interest in sorghum in this area, early
studies have suggested that sorghum would be
equally suited to this system (Lira et al., 1978).
From the nature of its growth pattern, castor
would also seem to be a suitable intercrop wi th
sorghum but the maximum advantage reported
has been 27% (Rao and Willey 1980a) and several
studies have shown less advantage (Freyman and
Venkateswarlu 1977) or none at all (Reddy et al.
1965; Chowdhury 1981). These disappointing
results seem to be because castor is very
susceptible to competition from the sorghum and,
unlike pigeonpea, it does not have the ability to
compensate, especially in the new, short sta-
tured, earlier maturing genotypes. However, one
recent study (Chinnappan and Palaniappan 1980)
has shown substantial monetary advantages from
a three-crop system of sorghum, castor and
blackgram. Sorghum has also been tried with
banana (Randhawa and Sharma 1972), sugarcane
(Zende and Patil 1972) or cassava (KKU-Ford
1977) but in all these experiments sorghum was
the subsidiary crop and results were considered
disappointing because yield of the main crop was
reduced.
With Crops of Similar Maturity
Intercrops with a maturity similar to sorghum
include a range of low canopy legumes (soya,
groundnut, Phaseolus beans, cowpea, or chick-
pea) and other cereals (maize, pearl millet, or
setaria). With soya, many experiments have been
carried out in India, where the emphasis has
usually been on the sorghum. A summary of a set
of 18 of these (Rao and Willey 1979) reported
yield advantages of 2 2 % (96% sorghum and 26%
soya) from a 2 sorghum: 1 soya row arrangement,
and 25% (89% sorghum and 36% soya) from
alternate rows. Other workers have reported
advantages of the same order, or even higher
(Bunpromma and Mabbayad 1978—23%; De and
Singh 1981—36%; Singh 1977—43%). In the
USA, Wahua and Miller (1978) reported advan-
tages of only 8% and 11 % when a soya intercrop
was grown with a dwarf or tall sorghum genotype,
respectively.
Sorghum/groundnut research has again been
concentrated largely in India. Early experiments
examined low proportions of sorghum to maintain
high groundnut yields and yield advantages were
relatively small (John et al. 1943; Bodade 1964;
Lingegowda et al. 1972). More recent experi-
ments have included high proportions of sorghum
and advantages have been as high, or even
higher, than wi th soya (Singh 1977—48%;
Tarhalkar and Rao 1981—57%; Rao and Willey
1980a—38%). Some of the earliest intercropping
studies in Africa (Evans 1960) also examined quite
high proportions of sorghum and showed very
large advantages up to 6 1 % .
In Northeast Brazil, Phaseolus beans and cow-
pea are commonly grown with maize, and recent
studies have examined these two legumes wi th
sorghum. Yield advantages have been quite prom-
ising (20-25%—Mafra et al. 1981) and current
evidence suggests that, from the point of view of
crop complementarity, sorghum wil l prove to be
as suitable as maize in these systems.
Sorghum/chickpea, grown as a postmonsoon
crop in several ICRISAT experiments, has given
only moderate yield advantages of 1 5 - 2 0 % . One
particularly interesting feature of these experi-
ments, however, has been the evidence of a 
beneficial shading effect on the chickpea, in
agreement with studies carried out by the pulse
physiologists using artificial shades.
Combinations of sorghum wi th other cereals of
similar maturity can be quite commonly seen in
farming practice but these situations have
attracted little serious study. Early ICRISAT experi-
ments (Rao and Willey 1980a) reported advan-
tages of 29%, 18%, and 18% for maize, pearl
millet, and setaria, respectively, when grown in
alternate rows with sorghum, but Haizel and
Twumasi-Afriyie (1977) found no advantage in a 
sorghum/maize combination in Ghana. More re-
cently, studies at ICRISAT have examined sor-
ghum/pearl millet combinations wi th a range of
genotypes of each crop. Though yield advantages
of more than 30% have been recorded, these
effects have still been largely ascribable to matur-
ity differences, despite the fact that these have
been very small (a maximum of 3 weeks).
However, there was some evidence that height
differences may have contributed to a small
extent.
To summarize these combinations with crops
of similar maturity to the sorghum the quite large
yield advantages with many of the combinations
indicates the possible importance of spatial com-
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plementarity in intercropping. In particular, the
large advantages with some of the legumes
(notably soya and groundnut) compared wi th the
small advantages with other cereals emphasizes
the benefits that might accrue due to major
morphological or physiological differences be-
tween the crops. Unfortunately few of the sor-
ghum/legume experiments reported have been
sufficiently detailed to indicate how such yield
advantages may occur, but some useful pointers
can perhaps be gained from recent detailed
studies wi th pearl millet/groundnut.
In an experiment wi th 1 row millet:3 rows
groundnut, a yield advantage of 2 6 % was
obtained (Reddy and Willey 1981). Measurement
of resource use showed some evidence of more
efficient water use, both in terms of a greater total
extraction from the profile and in terms of a 
greater proportion of water passing through the
crop rather than being lost by evaporation. Nut-
rient uptake was also greater, the increase being
proportional to the increased yield; however,
though it was useful to note that this greater
uptake could occur, it was not possible to deter-
mine whether this was a cause or an effect of
higher yields. But the most striking effect was an
increase of 26% in the efficiency with which
intercepted light was converted into dry matter,
probably because of a complementary effect
between the C4 millet and the C3 groundnut. It
seems likely that most of these effects could
equally well occur wi th sorghum systems.
A further possible cause of yield advantage in
these sorghum/legume mixtures could be a 
beneficial nitrogen effect from the legume, but
the authors consider this unlikely. This effect is
extremely difficult to determine in the field, but
even claims of such an effect are exceptions
rather than the rule. Moreover, cooperative stu-
dies wi th the ICRISAT microbiologists on ground-
nut intercropped wi th sorghum, maize, or pearl
millet have shown that even where groundnut
growth has not been affected, the nodulation and
fixation have been much reduced, probably be-
cause of shading.
With Earlier-maturing Crops
Even with the short-season sorghums, some of
the very early legumes can provide an intercrop
that wil l mature a few weeks earlier. Such
combinations might well benefit f rom some tem-
poral complementarity as well as the possible
spatial complementarity discussed above. With
mungbean, which usually matures in 65-70 days,
a review (Rao and Willey 1979) of 12 experiments
conducted in India reported yield advantages of
3 1 % (100% sorghum and 3 1 % mung) in a 2 
sorghum: 1 mung arrangement and 3 4 % (95%
sorghum and 3 9 % mung) in an alternate row
arrangement. May and Misagu (1980) also re-
ported very good mung yields (93% in 1 year and
8 6 % in another, averaged over 20 genotypes) but
they did not report sorghum yields. With cowpea,
six Indian experiments (AICSIP 1981) showed
similar overall advantages (34%) to those wi th
mung, though the cowpea proved to be slightly
more competitive (87% sorghum and 4 7 % cow-
pea). Studies in East Africa wi th a Phaseolus bean
maturing about 1 month earlier than the sorghum
showed advantages up to 55% (Osiru and Willey
1972).
S o m e other Aspects of Intercropping
It is often suggested that intercropping gives
better control of weeds, pests or diseases.
Considering the weed control situation first, there
is good evidence that this can be improved where
the intercrop situation provides a community of
plants that are in total more competitive than the
individual crops. Thus Rao and Shetty (1976)
showed that the high populations required to give
maximum yield in sorghum/pigeonpea also gave
advantages of greater weed suppression. It has
also been emphasized that these higher popula-
tions and the associated improvement in ground
cover can give better weed control in other
combinations (Okigbo 1981).
But with pests and diseases the situation is
much more complex. Detailed ICRISAT studies in
sorghum/pigeonpea have shown that the pre-
sence of sorghum increases the incidence of
Heliothis pod borer on the pigeonpea, but it can
markedly reduce pigeonpea wilt disease. It is also
well known that in West Africa sorghum (or other
cereals) can reduce the thrip incidence on inter-
cropped cowpea. These examples illustrate that
intercropping with sorghum can produce both
beneficial and adverse effects on pests and
diseases; and while these may be associated wi th
cereals in general rather than sorghum in particu-
lar, they are none the less important.
Because of the poor conditions under which
sorghum is often grown, a particularly relevant
aspect of intercropping is that relative advantages
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Sequential Systems
Sequential cropping requires a relatively long
growing period and in the rainfed semi-arid tropics
it is not usually possible in the areas with lighter
soils and/or low rainfall. Thus on the Alfisols of
India it is only viable on the deeper soils with high
rainfall, and even then it is probably limited to
hardy "catch" crops grown after a rainy-season
sorghum (AICRPDA 1976). But in more favorable
situations, such as the deep Vertisols, there are
many reports of short season sorghum crops
being successfully followed by a wide range of
second crops (Rao 1975; AICRPDA 1980; Reddy
and Willey, in press). Studies over a number of
years at ICRISAT have indicated that productivity
can be 4 0 - 1 0 0 % greater than traditional single
crop systems. However, although this degree of
increased productivity is extremely attractive,
there can be considerable practical problems for
the farmer, mainly because of the higher inputs of
fertilizers, sprays, labor, and managerial skill re-
quired. In particular, the success of the system
very often depends on a rapid turnaround be-
tween the two crops to ensure adequate moisture
for establishment and subsequent growth of the
second crop; but this period is also a very critical
labor peak for harvesting and threshing the first
crop. To facilitate this turnaround it would seem
worth considering the minimum tillage systems
that have proved possible wi th sequential sor-
ghum systems in developed areas (Nelson et al.
1977; Camper et al. 1972).
Sequential systems based on a rainy season
sorghum crop also raise the dilemma of what the
optimum growing period of the sorghum should
be; earlier maturity increases the likelihood of
good moisture conditions for the second crop but
it increases the problems from head molds or wet
harvesting conditions. This is the kind of cropping
system decision that the authors are currently
trying to elucidate (in conjunction with ICRISAT
agroclimatologists) by fitting a water balance
model (Reddy, in press) to long-term rainfall data.
Table 1 gives the example of an Indian location,
Indore, which has 1000 mm of rainfall and which
is on deep Vertisols with a moisture storage
capacity of 250 mm. After a 105-day sorghum
crop, the probability of having sufficient stored
moisture and rainfall for a second crop is only 51 % 
of the years. But, almost half of these years will
have insufficient showers for ensuring that the
top 2-3 inches of soil are wet enough for
germination. Thus despite the apparently favor-
able rainfall and soil situation, the probability of
double cropping at Indore with a 105-day sorghum
as the first crop is only 27% of the years.
However, if the sorghum growing period is
reduced by 2 weeks to 91 days, the probability is
substantially increased to 60%. At the same time
the probability of having wet conditions at harvest
is only increased from 24 to 30%. As a first
approximation, therefore, the analysis suggests
an overall advantage for a sorghum of less than
105 days for this particular location. But the
moisture criteria tentatively used in the model still
need further consideration and refinement before
reliable conclusions can be drawn. On the whole,
however, the approach would seem to have
potential.
The above analysis also raises an important
point of comparison between these sequential
systems and a sorghum/pigeonpea intercrop. In
the latter system the pigeonpea effectively acts
as a second crop but the difficulties of having to
establish a crop after sorghum harvest are
avoided. Not surprisingly, therefore, where there
are risks associated with establishing a second
crop, the intercrop is usually a better alternative
and is certainly much more stable; in fact in the
Indore example the probability of success for the
intercrop is 97%.
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may often be greater under low fertility and/or
low moisture situations (Rego 1981; Chowdhury
and Misagu 1981; IRRI 1975; Reddy and Willey
1980; Natarajan and Willey 1980; Oelsligle et al.
1975). This is undoubtedly one of the mecha-
nisms that could result in the greater yield stability
that is often claimed for intercropping and that has
been emphasized for maize/sorghum in Central
America (Anderson and Williams 1954) and the
long season sorghum systems of West Africa
(Norman 1972; Baker 1978). Recently, a detailed
study (Rao and Willey 1980b) has been carried out
on 94 sorghum/pigeonpea experiments in India,
ranging from rainfall regimes of 408-1156 mm
and across sole crop yield levels of 310-6200
kg/ha for sorghum and 274-2840 kg/ha for
pigeonpea. If crop "failure" is measured as
monetary returns falling below a given "disaster"
level, then for an example disaster level of
Rs.1000/ha, sole sorghum fails 1 year in 8, sole
pigeonpea 1 year in 5, but the intercrop only 1 year
in 36.
Table 1. Probability of success of different cropping systems at Indore, India, calculated from 37 years'
rainfall data using a water balance model (Reddy, in press). This location has an average annual
rainfall of 1000 mm and is on deep Vertisols wi th a moisture-storage capacity of 250 m m .
First crop Second crop (or pigeonpea intercrop)
Sufficient
moisture
for growth
(%)
Wet week at
harvest
(>50 mm)
(%)
Sufficient
moisture
for growth
(>200 mm)
(%)
Insufficient rain for
establishment (<20 mm),
even though sufficient
for growth
(%)
Total
probability
of success
(%)
Sequential system
(first crop 105-day
sorghum)
100 24 51 24 27
Sequential system
(first crop 91-day
sorghum)
100 30 73 13 60
Relay system
(first crop 105-day
sorghum, overlap
14 days)
100 24 73 13 60
Sorghum /pigeonpea
intercrop
(sorghum 105 days,
pigeonpea 180
days)
100 24 97 97
Other sequential systems have sorghum as the
second crop. For example, in those deep Vertisol
areas of India where sorghum traditionally follows
a rainy season fallow, there can be opportunities
for adding a rainy season crop (Reddy and Willey,
in press). In many areas there is also increasing
interest in sorghum as a crop after paddy rice
(Hooper et al. 1975; Samphantharak and Sriwata-
napongse 1977; Salahuddin 1977). Indeed, where
irrigation is possible, sorghum is a component of a 
wide range of double and triple crop systems
(Leeuwrik and Mahapatra 1970; Naidu 1971;
Hukkeri et al. 1978; Garrity et al. 1979).
ing period is just too short for a sequential system.
It can also provide the advantages of an earlier
sown second crop without the disadvantages of
an earlier maturing first crop. For example, in the
Indore situation described above, a relay system
where a second crop was sown 2 weeks before
the harvest of the 105-day sorghum crop would
give the same increased chance of success as the
sequential system based on the 91-day sorghum
crop; it would not, however, incur the additional
harvesting problems associated wi th the 91-day
crop. Successful relay systems have been re-
ported where horsegram or pigeonpea have been
the relay crops after sorghum (AICRPDA 1978),
and where sorghum itself has been the relay crop
after maize (ICRISAT 1980).
Unfortunately, relay cropping can be a difficult
system to operate in farming practice. It can be
difficult for the farmer to sow the relay crop into
the standing first crop unless hand sowing is
being practiced, and there is also a danger of
damaging the seedlings of the relay crop when
harvesting the first crop.
Relay Systems
The overlapping of crops by relay cropping ensure
that the second crop is established before the
critical labor peak for harvesting the first crop. It
shortens the total growing period and can be
especially appropriate where the available grow-
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The importance of ratoon cropping has been
reported in a number of countries (USA—
Plucknett et al. 1970; Worker 1961; Australia
—Parberry 1966; India—Ambastha and Jha
1955; Mandal et al. 1965). Much has been written
on the practical management of ratoon crops but
this paper will deal only with cropping systems
implications.
Considering first of all the system of two
consecutive grain crops (i.e., a "plant" crop and a 
"ratoon" crop), the major advantage of ratooning
is that it avoids having to sow the second crop.
This saves on the cost of cultivations and seed, it
reduces labor demands at a critical postharvesting
period, and in the rainfed situation it avoids the
risks associated wi th sowing the second crop.
Because the ratoon crop gets a particularly rapid
start and also matures earlier than a normal plant
crop, the system also has the advantage of a 
shorter total growing period requirement.
The disadvantage of this system, however, is
that the ratoon crop usually produces a lower yield
than a sown crop. At ICRISAT, recent studies
under favorable moisture conditions and over a 
wide range of genotypes have given ratoon yields
of about 5 0 - 6 5 % of the plant crops. Thus on yield
considerations alone, the ratoon system is unlike-
ly to compete where good sequential or relay
systems are viable alternatives. In the rainfed
situation its niche is probably the production of a 
low cost "partial" second crop where moisture
conditions are insufficient for a full second crop.
But sorghum's ability to ratoon allows the
possibility of a wide range of other systems
where one or more of the crops are taken for
fodder. In India, systems have been described
where an irrigated fodder crop has been grown in
the summer season and followed by a ratoon
grain crop during the rains; compared wi th a 
normal rainy season crop, the earlier maturing
ratoon crop gives a greater opportunity for tradi-
tional postrainy season crops of cotton (Mandal et
al. 1965; Shanmugasundaram et al. 1967) or
wheat (Pal and Kaushik 1969). A rather different
system is where a rainy season plant crop is cut
for early fodder (about 4 5 - 5 0 days) which then
has the effect of delaying the maturity of a ratoon
grain crop until the drier conditions after the end
of the rains (Sanghi and Rao 1976). The danger of
shoot fly attack is probably the greatest drawback
to these fodder/grain systems.
Rotational Systems
Many of the general principles of rotations, such
as the maintenance of fertility or the control of
soil-borne pests and diseases, are no more
applicable to sorghum than to other crops and this
will not be dealt wi th here; neither will the special
problem of Striga since this is being covered
elsewhere in this symposium. But one aspect not
covered elsewhere is the depressive effect that
sorghum may have on the yields of following
crops.
Some commonly suggested causes of this
depressive effect are the depletion of nutrients
and moisture, and the locking up of available
nitrogen by microbial action in breaking down the
carbon-rich stubble. But while there is good
evidence that these factors are often involved,
there are instances where fertilizers and irrigation
have not eliminated the effect. The suggestion of
toxic exudates from the sorghum stubble has
always had a mixed reception among scientists,
though recent work has shown very convincing
evidence of excessive production of phenolic acid
that can certainly affect crop growth (Ganry 1979,
personal communication).
But whatever the cause of the effect it has
been reported with a frequency difficult to ignore;
it has been reported in USA, India and Africa, and
on a very wide range of crops (sorghum itself,
wheat, oats, barley, cotton, chickpea, pigeonpea.
and groundnuts). Its effect seems to be greater on
cereals compared with legumes. Thus poorer
wheat yields have been reported after sorghum
than after maize (Myers and Hallsted 1942;
Dunkle and Atkins 1944; Quinby et al. 1958;
Singh and Singh 1966; Laws and Simpson 1959).
especially where wheat has been sown immedi-
ately after the sorghum rather than in the follow-
ing year (Myers and Hallsted 1942). or where
rainfall has been low (Laws and Simpson 1959).
Lower cotton yields have been reported after
sorghum compared with pearl millet in South India
(Ayyar and Sundaram 1941), or compared wi th
fallow or lobia in the Sudan (Burhan and Mansi
1967; Roy and Kardofani 1961). Recent ICRISAT
studies on pigeonpea, chickpea or sorghum
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Where irrigation is possible, systems wi th two
or three consecutive ratoon crops have been
described (Plucknett et al. 1970; Hussaini and Rao
1966; Rojas 1976).
Ratoon Systems
grown after maize compared wi th sorghum
showed very drastic reductions of 4 9 - 8 7 % in 1 
year (which the authors consider must have
involved some phytotoxic effect) but only moder-
ate reductions of 1 0 - 1 5 % in another 2 years
(Fig. 3).
Further work on this subject would seem to be
desirable. In the meantime it should be recog-
nized that in some cropping systems the net
contribution of the sorghum crop may not be as
high as its own yield indicates because of lower
yields in subsequent crops.
Genotypes for Specific
Cropping Systems
It is often stated that genotypes should be
selected specifically for the systems in which they
are to be grown. While this is no doubt true, it
does not necessarily mean that different systems
have very different genotype requirements. Some
systems may have little in the way of special
requirements beyond the need for an appropriate
maturity period, and this presents no particular
conceptual or technical difficulties. But the not-
able exception to this is the intercropping system
where genotype selection must recognize that
genotypes will ultimately be grown in competition
wi th another crop. For this system much more
consideration needs to be given to the identifica-
tion of desirable plant characters and the formula-
tion of appropriate screening procedures.
Unfortunately, intercropping systems are
almost infinitely variable, and the sorghum
genotype required is likely to vary according to the
nature of the associated crop and the exact way
the crops are combined. This can be illustrated
wi th reference to two types of intercropping
systems. The first is where the sorghum is grown
as a very high proportion of the system and it is
the dominant crop. This is typified by the sorgum/
pigeonpea combination in which, as seen earlier,
the sorghum is grown at its full sole crop
population and the objective is to produce at least
9 0 - 9 5 % of a sole crop yield. In this system, it is
particularly easy to predict how a given sorghum
genotype will behave since it virtually behaves as
a sole crop. Moreover, because of the dominance
of the sorghum, it is not difficult to predict that
pigeonpea yield will be increased as height and/or
maturity of the sorghum is decreased, and this
has been verified in field studies. Thus this
system represents one of the simpler situations
where the desired plant characters, the sorghum
intercrop performance, and the performance of
Figure 3. Yield of postrainy-season crops after a rainy-season crop of maize or sorghum (ICRISAT data). 
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the associated crop can all be defined at least in
broad terms. It can be argued, therefore, that this
system presents few special problems and there
may even be little need for selecting within the
intercropping situation itself, except perhaps in
the final stages of evaluation.
The other type of system is where sorghum is
grown as a smaller proportion of the system and
there is much more of a two-way competitive
interaction between the crops. This is exemplified
by a sorghum/cowpea combination currently
being examined at ICRISAT, and in which the
arrangement is a simple proportional one of 1 row
sorghum:2 rows cowpea in 45 cm rows. In this
situation the sorghum behavior is usually quite
different from that in sole cropping in that it
responds to its lower population by increasing
yield per plant; ideally this response should
produce the appropriate balance of competition
and some degree of complementarity wi th the
cowpea. At the present state of intercropping
knowledge these effects are extremely difficult to
predict. Thus it seems inescapable that if breed-
ers seriously wish to produce sorghum genotypes
suitable for this type of system, some screening
will have to be done in the intercropping situation
itself. This can require considerable resources,
especially when interactions w i th dif ferent
genotypes of the associated crop have also to be
taken into account. A possible approach, which
applies both to sorghum and its associated crop,
is that in the early stages of selection, when
genotype numbers are high, screening could be
done against a standard genotype of the other
crop. When a few of the more promising genoty-
pes of each crop have been identified, these can
then be examined in combination.
A further feature of interest in the ICRISAT
sorghum/cowpea studies is the attempt to iden-
tify the importance of individual plant characters.
This is being done by examining a large number of
sister lines that differ in such characters as height,
maturity, or canopy structure, but which other-
wise have a relatively homogenous genetic back-
ground. It is hoped that this wil l allow the effects
of each character to be isolated from the con-
founding effects of other characters.
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Crop Management
M. D. Clegg*
Present Considerations
Large Farms
The number of crops grown on large farms are
few. In many instances only one crop is grown
because of the characteristics of the environ-
ments. This results in highly specialized farming.
Variety Selection
New high-yielding hybrids are continuously being
released by commercial seed companies. Resist-
ance to insects and diseases, seed quality, as well
as climatic stresses are considered in the develop-
ment of the new hybrids. Farmers choose hybrids
which are adapted to their areas from these
companies.
Seed of hybrids sold to farmers is processed to
insure a high quality product. Processing includes
sizing, fungicide treating and packaging. Because
seed size varies considerably, the number of
seeds per bag are indicated allowing the farmers
to plant the correct amount of seed per unit area.
A recent innovation is to protect the seedlings
from herbicide damage by the application of a 
chemical protectant, which allows the use of
higher concentrations of herbicides for weed
control wi th less risk of seedling injury (Bumside
et al. 1971; Spontanski and Burnside 1973; Ellis et
al. 1980; Nyffeler et al. 1980; Henken 1981).
Plant Arrangement
Variability of plant height, leaf direction, leaf
number and leaf size exists in grain sorghum.
Proper spatial arrangement is needed for each
genotype in an environment to balance the
radiation load for maximized yields and efficient
water use. With irrigation or favorable environ-
ments, maximum radiation can be intercepted for
The general methodologies of crop management,
as currently carried out in the various countries of
the world, are extremely variable. This is because
there are many environments wi th farm sizes
ranging from less than 0.5 hectare (Harwood and
Price 1976) to farm sizes that are in excess of
1000 hectares (Schertz 1979). Regardless of farm
size, the goals of farmers are to produce max-
imum crop yields by managing the farming sys-
tem so that environmental stresses are minimal to
the growing crop.
According to Zandstra (1977), yield is a function
(f) of management (M) and environment (E):
The symbol M includes the consideration of the
choice of variety, the procedure of plant establish-
ment, arrangement in t ime and space, fertilization,
pest control (weeds, insects, and disease) and
harvesting. The symbol E includes the land (soil
characteristics), climate variables (rainfall, day-
length, solar radiation, and temperature) and
economic resources (power, labor and cash).
Throughout this symposium most, if not all, of
these variables will be addressed.
Because crop management encompasses
these many variables this paper wil l be directed to
various cultural practices or considerations which
have developed in the last decade. Furthermore, it
wil l be necessary to discuss practices peculiar to
both large farms (high mechanization) and small
farms (little mechanization). In many cases the
principle of the cultural practice wil l apply to
either.
* Associate Professor, Department of Agronomy, Insti-
tute of Agriculture and Natural Resources, The Univer-
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utilization because water is available for con-
tinuous transpiration and minimal heat and water
stress. Interception of radiation can be increased
wi th narrow rows and high plant populations
(Clegg 1971). This is a practice which is used to
obtain a more equidistant plant arrangement in
order to optimize water use (Richie and Burnett
1971; Blum and Naveh 1976; Meyers and Foale
1981). As conditions become more arid, the
radiation load is reduced by lowering plant popula-
tion and widening rows, and by using a more
rectangular plant arrangement, to optimize more
efficient water use (Blum and Naveh 1976; Meyer
and Foale 1981).
The greatest problem wi th narrow rows is that
mechanical cultivation is difficult and weeds need
to be controlled early. However, adequate weed
control can be obtained using herbicides (Burn-
side 1977).
Surface Mulch
Reduced tillage systems which leave residues on
the soil surface are gaining favor because of
better moisture conservation, improvement of soil
physical properties, and soil erosion control.
These systems also reduce tillage time and
minimize a delay in planting due to inclement
weather (Lane and Gaddis 1976).
In the more arid areas, ecofallow and no-till
fallow are becoming popular (Greb and Zimdahl
1980; Peterson and Fenster, in press). These
systems depend on contact and preemergence
herbicides to control summer weeds. With ecofal-
low, some tillage is required for late summer
weed control and reduction of residues to facili-
tate planting (Peterson and Fenster, in press).
Benefits of these systems are many. Loss of soil
by wind and water erosion is reduced (Lane and
Gaddis 1976; Good and Smika 1978; Peterson
and Fenster, in press). Increased water infiltration,
and reduced evaporation thereby, results in in-
creased water storage. Further, increased mois-
ture occurs in environments where winter snow is
common. The residue allows for increased snow
catchment and the stubble allows for more
efficient snowmelt storage (Nordquist and Wicks
1976; Good and Smika 1978; Peterson and
Fenster, in press). In environments which are
marginal for continuous cropping, a wheat-maize
or sorghum-fallow-wheat cropping sequence was
successful as compared wi th the conventional
sequence of wheat-fallow-wheat-fallow. This was
because enough moisture was stored using these
no-till or limited-till systems (Nordquist and Wicks
1976).
There are several problems inherent wi th leav-
ing residues on the soil surface. The greatest
problem is the need for special planting equip-
ment (Peterson and Fenster 1981). Soil tempera-
tures are reduced (Nordquist and Wicks 1976; Lal
1978; Unger 1978) wi th a temperature difference
of 5.5°C (Good and Smika 1978). This lowering of
temperature delays the time for soil to reach
favorable temperatures for seed germination (Un-
ger 1978) and requires earlier maturing varieties or
hybrids since planting may be delayed (Nordquist
and Wicks 1976). Herbicides used for weed
control may result in carryover problems (Peter-
son and Fenster, in press).
Biological Nitrogen
Fertilizer, especially nitrogen which is required in
large amounts, has been readily available in the
past at economical costs. Nitrogen costs have
increased considerably resulting in the considera-
tion of using cropping systems which include
biological fixed nitrogen. Maize realized approxi-
mately 90 kg/ha nitrogen following soybeans in a 
maize-soybean rotation (Shrader et al. 1966).
Sorghum grown continuously over a 4-year period
wi th no applied nitrogen yielded an average of
4600 kg/ha as compared with a sorghum yield of
6551 kg/ha when grown in rotation with soy-
beans with no applied nitrogen. The yield level
attained by sorghum in the rotation system was
equivalent to 76 kg/ha applied nitrogen (Clegg
1981). This would indicate that a significant
amount of biologically fixed nitrogen can be
obtained from cropping systems. Other benefits
of changing crops are that they aid in controlling
insect pests and diseases, and with soybeans the
fields are in excellent condition for a no-tillage
operation.
Mechanization
The labor requirement and the number of farm
workers have declined in the Great Plains of the
USA as a result of fewer but larger farms and the
development of larger tractors and machinery
(Lagrone 1979). A farmer can easily till or plant
100 ha per day.
Irrigation has developed on marginal land wi th
leveling and the use of center pivot irrigation
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systems. Maize has generally been grown on
developed lands because of its response to
irrigation. However, increased irrigation has re-
sulted in the lowering of the water table. This will
result in the near future in acreages being shifted
back to dryland farming (Lagrone 1979).
Small Farms
Numerous crops may be involved with small
farms. In a study by Norman et al. (1979), the
cropping area included 29 crops of which 60%
were cereals (sorghum and millet), 24% grain
legumes, and 6% other crops. This resulted in 230
different crop mixtures excluding planting pat-
terns and population densities. Sixty-two Bang-
ladesh farmers used three cropping systems
consisting of one, two, or three crops per year
wi th different combinations of crop varieties for
19 different cropping patterns (Hoque and Rah-
man 1981). Thus, small farm agriculture can be
very complex.
Variety Selection
The majority of small farms are in the developing
countries. Because of limited resources, farmers
select and harvest seed from their fields which
are either local varieties or higher yielding im-
proved varieties. Thus, most developing country
programs are involved with variety development
(Patanothai 1975). In Egypt, a high-yielding im-
proved variety, Gizza 114, is predominantly grown
by the farmers. A new improved variety, Gizza 15,
is being introduced. They have a continuing
maintenance and development of varieties as well
as hybrids in their program. They also maintain
foundation and registered seed of the improved
varieties (Anon. 1981c).
Plant Arrangement
The general principles governing plant arrange-
ment for small farms are similar to those for large
farms, i.e., balancing the radiation load for maxi-
mized yields and efficient water use. However,
wi th small farming the use of numerous crops in
different combinations allows not only for spatial
arrangement but arrangement in time. Intercrop-
ping, mixed cropping, relay cropping, sequential
cropping and rotations are all systems which allow
for plant arrangement in space and time.
Great interest has been directed towards these
systems. Several symposia have dealt wi th the
various aspects of multiple cropping (Multiple
Cropping, 1976, ASA No 27; Cropping Systems
Research and Development for the Asian Rice
Farmer. 1977, IRRI; Cropping Systems Confer-
ence, 1980, IRRI). Allen et al. (1976) and Trenbath
(1976) presented basic information needed for the
cultural systems and Linger and Stewart (1976)
provided information and materials for production.
Although there is much interest in developing
new cropping systems, generally there is not
enough thought directed to management. Sor-
ghum schemes in Southeast Asia failed because
harvest operations occurred during a period wi th
expected rainfall of 25 mm per week (Harwood
1977). Failure of improved cotton over traditional
cotton occurred because the improved cotton
required more labor, and its culture conflicted wi th
the weeding of their food crops (Norman 1980).
The greatest advantage of indigenous systems
is that they are well adapted and require a low
level of management (Krantz and Dart 1977).
However, a study by CIMMYT of the acceptance
of new technology where new technology had
been introduced for at least 5 years showed
adoption existed and decisions could be explained
by the biological and economic circumstances of
the farmers (Anon. 1981a).
Biological N i t rogen
Unavailability of nitrogen, a major plant nutrient,
becomes a major constraint for good crop produc-
tion in developing countries because of the
general lack of economic resources. Legume
crops are traditionally used in many cropping
systems for their nitrogen fixation benefits or
through the sparing effect on the availability of
nitrogen for the associated crop in the crop
mixture (Krantz and Dart 1977). Many studies
show combined yield advantages of mixed cereal-
grain legume cropping systems (Vorasoot et al.
1975; Wahua and Miller 1978; Natarajan and
Willey 1980a, b; Mohta and De 1980). Wahua and
Miller (1978) could show no evidence that sor-
ghum actually gained nitrogen from the associ-
ated soybean crop.
Other benefits of cereal-grain legume systems
are the reduction of insects and diseases, and
furnishing a protein source for human nutrition.
Mechanization
There is a high labor requirement for small farms
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(Neweke 1980). Periods which require intense
labor (planting, harvesting) often cause labor
shortages and result in reduced crop yields.
Therefore, adequate planting and harvesting
machinery for the Asian rice farmer are being
developed (Anon. 1981b).
Developing machinery for many cropping sys-
tems is not difficult. Some modification of existing
machinery will suffice. The difficulty arises when
mechanizing the operations of mixed cropping
systems which traditionally have depended on the
use of hand tools (Erbach and Lovely 1976).
The economics of buying machinery is a serious
constraint. In many cases, the cost of a machine is
not in proportion to its size. A small tractor has
essentially the same building requirements as a 
larger tractor.
Mechanization can result in unemployment
(Erbach and Lovely 1976) and can cause serious
problems. However, studies comparing animal-
powered farming wi th tractor-powered farming
showed that although the mechanized farm had a 
lower total labor requirement the amount of hired
labor was greater than the traditional farm (Anon.
1981b).
Future Considerations
There are many opportunities for improving crop
production and management. Variety and hybrid
improvement wi th respect to general adaptation,
grain quality, insect and disease resistance will
always be a major objective. This is probably a 
technological improvement which is most readily
accepted by farmers. However, there are areas
which require specific adaptation. Certain soils are
either deficient in certain minerals or have toxic
levels. Brown and Jones (1977) have been able to
obtain plants which grow wel l on soils deficient in
iron, zinc and copper or at toxic levels of aluminum
and manganese. The possibility of selecting nit-
rogen efficient genotypes exist (Maranville et al.
1980). Stress tolerances to high and low tempera-
tures as well as drought are necessary.
Water is a resource which is becoming scarce
in many areas because of well-irrigation reducing
the water table at a higher rate than the normal
recharge. Maize is usually grown because of its
responses to irrigation, but the development of
sorghums wi th high yields wi th limited irrigation
could result in stabilization of water for these
areas.
Minimum tillage systems retain considerable
amounts of residue on the surface resulting in
insulation and reduced soil temperatures at nor-
mal planting periods. This is especially serious in
northern temperate areas. Selection of genotypes
wi th cool tolerance for germination and emerg-
ence is needed (Nordquist and Wicks 1976).
Minimum tillage for water conservation, erosion
control and improved soil characteristics should
be considered for some arid lesser developed
countries. Similarly wi th the introduction of any
new cropping system, a definite procedure for
testing and selecting adapted genotypes is
needed. In many cases, unique cultural proce-
dures should be adopted in a breeding program.
For example, the Egyptian farmers begin to
harvest the lower leaves of sorghum and maize
for forage soon after anthesis. This can continue
until only a few leaves remain. This operation
could easily be adopted in a breeding program for
selection of improved varieties.
Biological fixed nitrogen may be one of the
more productive areas for research. Traditionally,
cereal-legume cropping systems have been used
for the nitrogen fixing benefit of the legume.
However, the exact mechanism involved for the
cereal crop response is not known. Research
should be directed to understanding this re-
sponse. There are also associative nitrogen fixing
systems which are unique to grasses (Dobereiner
and Day 1975; and Singh et al. 1980) which
should be explored fully.
Mechanization of crop production operations is
necessary when labor becomes limiting or expen-
sive. To mechanize requires capital and larger
farming units which are usually main constraints
in developing countries. Development of im-
proved mechanized systems to reduce labor
requirements and accelerate cultural operations
seems plausible in place of a machine for every
farmer. As an example, the Egyptian farmer
harvests and bundles wheat by hand and then
transports the bundles to a central area for
threshing wi th a small engine powered thresher.
The grain is then cleaned by winnowing. This
harvesting operation could be improved by mod-
ifying a small readily available forage cutter for
harvesting. A custom or cooperative combine
could be used as a stationary machine for
threshing and cleaning the wheat in one opera-
tion. The combine could easily be moved from
one farmer's field to another. This system wil l also
allow shortening the t ime between harvest and
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the next crop. A similar harvesting system could
be used wi th sorghum and maize.
In conclusion, the complete management of all
the farming operations must be considered when
introducing new technology. Acceptance by the
farmer wil l occur more readily if two conditions
are met. First, the improvement does not greatly
change the overall management of his farm
operation and secondly, if a great change in
management is needed because of the improve-
ment, the improvement must contribute very
significantly to increased crop production. We as
researchers, spend full t ime on maybe one part of
a systems operation and then expect a farmer to
adopt the operation into his complete operation.
The farmer ultimately decides what to adopt
(Norman and Palmer-Jones 1977) and being hu-
man, most will not eagerly accept a piece of
equipment, a procedure or an operation which
results in increased work.
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Grain sorghum [Sorghum bicolor, (L) Moench] is a 
staple food of a large section of the population in
India and Africa. It is also extensively grown in the
United States, parts of Central and South Amer-
ica, China, Pakistan and to a lesser extent in South
east Asia, the USSR, and Europe. Although India
has the largest area in the world sown to
sorghum, it ranks second to USA in production.
Sorghum is primarily used for human consump-
tion in developing countries and for livestock feed
in developed countries. As with consumption, the
production techniques vary greatly.
Most farmers in developed countries are edu-
cated. They have acquired improved human skills
and managerial abilities. They practice efficient
scientific agriculture and possess means to ac-
quire new technology quickly. They are cognizant
of the fact that no agricultural practices can
improve the crop beyond the limits set by the
seed, hence they mostly use seeds of high
yielding and adapted hybrids for planting.
To cater for the enormous seed needs of the
farmer-consumers, a specialized industry largely
operated by commercial firms has developed to
produce, process and market hybrid sorghum
seeds.
The developing countries can be grouped into
two distinct seed categories. First, there are those
where research has developed superior hybrids
and/or improved varieties and the necessary
infrastructure to systematically produce and distri-
bute quality seeds although most farming is yet at
subsistence level. Government departments and
private seed companies through their extension
agencies have convinced some of the farmers to
plant improved seeds and use scientific cultivation
technology. Thus the farmers have been bene-
fited and there is a slow but steady switch-over to
* Director, Research and Production, Mahendra Hybrid
Seeds Company (P) Ltd., Post Box No. 52, Mahavir
Marg, Jalna 431 203, Maharashtra, India.
International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International
Symposium on Sorghum, 2-7 Nov 81. Patancheru, A.P., India. Patancheru, A.P. India: ICRISAT.
improved seeds. Second, in many developing
countries, the farmers save their own seed for
next year's planting. These farmers are mostly
illiterate and slow to adopt new technology. The
technical know-how and infrastructure to multiply
hybrid seeds is nonexistent. Limited quantities of
improved variety seed is multiplied by govern-
ment agencies and distributed free or at highly
subsidized prices.
A seed program capable of providing farmers
with good quality seed is essential to a nation's
agricultural development. To be effective, such a 
program must be carefully tuned to the nature of
farming in the country. As complex multi-cropping
and intercropping systems are introduced, reliable
seed supplies become more important. Regular
supplies of seed of new crops and improved
varieties should f low to farmers through an ever
enlarging pipeline. Further, if the seed program is
to succeed, the seed must be consistently better
than the seed produced by the farmers them-
selves.
The seed program is, therefore, to be organized
with the objective of planning, producing and
making available to the farmers adequate quanti-
ties of high quality, genetically stable and pure
seed of improved and adapted varieties, free from
seed-borne parasites, and at a reasonable price.
Seed production is thus a specialized and exacting
task requiring standard conditions and proper
supervision at different stages of production.
The type of seed production program to be
developed in a country depends mostly on the
social, economic and political circumstances of
the country. The type can be official, semiofficial,
cooperative, private, or a combination of these.
In most advanced countries, the seed enter-
prises are in the private sector. Many seed
companies, some even multi-national, compete
with each other to produce and supply seeds
mostly of sorghum hybrids or of improved
varieties. Many have created strong research
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programs to evolve closed pedigree hybrids. All
have developed trained manpower and have
created infrastructure to produce, process and
market their seeds. Emphasis is on producing
good quality seeds. They also develop and supply
applied cultivation technology most suited to
exploit their hybrid's optimum genetic potential.
Most farms on which the seed is produced are
large, and production techniques are highly
sophisticated and mechanized.
In developing countries, most seed programs
are started with government participation and/or
through technical assistance from international
agencies. The Food and Agriculture Organization
is providing technical and financial assistance to
many seed programs in Asia, Africa, and Central
and Latin America. USAID also collaborates in
many developing countries through the Interna-
tional Agricultural Development Services based in
New York and provides financial and technical aid.
Most of these collaborations are wi th recipient
governments and do not encourage development
of a seed trade in the private sector.
Wherever feasible it is desirable that parallel
development of seed trade both in government
and private sector should be encouraged. A fair
competition among them will ensure timely and
adequate supply of quality seed to farmers.
Development of the seed industry in India is an
excellent example where governmental and pri-
vate seed agencies compete wi th each other to
meet the farmers' seed needs. In a short span of
just 15 years, over 50% of the area sown to
sorghum during the kharif season is planted with
hybrid seeds. Another example is the develop-
ment of the Kenya Seed Company. Started by a 
group of progressive farmers some 25 years ago
to grow quality hybrid seeds for its own needs,
the company now meets the total seed demands
of most crops of the entire country. It also grows
hybrid seeds of many crops under contract solely
for export. Although the company's majority
shares are now owned by the government, it is
managed on a commercial basis by competent
technically qualified personnel, wi th reasonable
profit as its motto.
Seeds are multiplied on government, coopera-
tive or private seed farms in most countries.
Where land holdings are small, seed villages are
developed. Viable seed units are created by
encouraging small seed farmers to undertake
multiplication of only one kind and variety. The
seed farmers learn production techniques quickly.
With proper advice and guidance, they can and do
produce quality hybrid seeds. Cheap and abun-
dant human and animal resources are mostly used
in field and plant operations.
Infrastructure and Resources
Adequate infrastructure in terms of trained tech-
nical manpower, physical facilities and financial
resources is necessary for successful sorghum
seed production. The seed enterprise irrespective
of whether it is in developed or developing
countries, in the public or private sector needs
senior technical managerial staff to plan produc-
tion targets, arrange basic seed, identify suitable
production areas, arrange field equipment, de-
velop seed processing facilities, and impart seed
production training. They are also responsible for
developing a suitable package of practices such as
the ideal t ime of planting, plant density (row and
plant spacing), amount and time of weedicide,
fertilizer, pesticide and water application, and for
distinguishing morphological characteristics of
varieties, or both parents in hybrids, to facilitate
proper roguing and timely harvesting.
The objective is to realize maximum seed yield
per hectare and to maintain high standards of
genetic and physical purity. It is easier to adopt
the above practices where the seed agency is
producing seed on its own or leased farms
because all the operations are conducted by its
own trained technicians. But most of the seed the
world over is produced under a full procurement
contract system with progressive farmers. The
field operations are thus the responsibility of the
farmer-seed grower. He needs to be guided in
seed production techniques. Trained supervisors,
who advise the seed growers and imbibe in them
the concept of quality and ensure that all field
operations, particularly timely roguing, are per-
formed, are an integral part of any seed program.
Their responsibility increases when seed produc-
tion is undertaken with subsistence level, unedu-
cated farmers in developing countries.
The seed enterprise requires finance for physic-
al facilities such as offices, land, equipment for
field operations and processing facilities, for
recurring costs such as salaries of the staff and
expendables such as fertilizers, pesticides, and
packing materials, and to pay the farmers the cost
of seed procured from them. The actual invest-
ment will depend on the quantity and kind of seed
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to be produced and the nature of facilities that are
developed. The capital investment is usually much
higher in the market oriented economy because
the shortage and high cost of human resources
demand mechanization and automation. The fi-
nance may be received as a government grant,
loan from institutions responsible for rural de-
velopment and/or from commercial banks.
Research Responsibility
Agro-research scientists working in the universi-
ties, plant breeding stations and international
research centers cooperate to maintain a con-
tinuous f low of superior hybrids and improved
varieties to replace the existing ones. The super-
iority may be for yield, resistance to pests or
diseases, ability to withstand environmental
stress or any other trait of economic value. In
advanced countries, many private seed enter-
prises have also created research facilities and
thus share the responsibility to evolve better
sorghum hybrids and varieties. They do not
disclose their pedigree and thus enjoy a monopoly
on the production and sale of their seed.
In most developing countries, the responsibility
to develop, test and release superior hybrids or
varieties is entirely that of national research
institutes. International research organizations
such as ICRISAT also supply improved variety/
hybrid trials and assist developing countries to
plant and identify superior adaptable types. These
are of open pedigree and any agency in the public
or private sector can produce their seeds.
Seed Classes—Their
Maintenance and Increase
The objective of seed production is to build a 
strong chain of multiplication of the various seed
classes. Three stages of multiplication recognized
in seed certification are:
1. Breeder's seed
2. Basic (foundation) seed, and
3. Commercial (certified) seed.
Breeder's seed is the first multiplication stage
after a new superior variety or hybrid has been
officially released, notified and recommended for
cultivation. The responsibility for the increase of
this seed class is usually with the originating
breeder or his station. If the variety/hybrid has
been developed through the cooperative efforts
of a national or international research project, the
coordinator nominates the breeder or breeders
who will be responsible for breeder seed multipli-
cation and supply within each country. In case of a 
hybrid, the male sterile line (A line), the maintainer
line (B line) and the restorer line (R line) comprise
the breeder's seed.
Breeder's seed of maintainer line, restorer line
and variety are multiplied in a small plot, either
under complete isolation or by controlled pollina-
tion usually on a university or research farm. The
male-sterile line is increased by planting in an
isolated plot A and B lines in alternate sets of rows
(frequently 4 : 2 or 6: 2 A and B lines respectively).
Each plant is examined at the vegetative, flower-
ing and seed ripening stages for trueness-to-type
and seed-borne diseases. The breeder and his
staff ensure that the seed meets the highest
standards of genetic purity, as one off-type plant
wil l give rise to hundreds of such plants in the
subsequent multiplication stages. Maximum care
is taken to avoid all chances of mechanical
mixtures during harvesting, threshing, cleaning,
grading, packing and labeling of this seed class.
The general standards and specific require-
ments of breeder's seed are frequently not
stipulated by most official seed certification agen-
cies in the world, possibly because the authority
competent to label breeder's seed is the originat-
ing/nominated breeder himself and he is beyond
the purview of the certification agency. However,
the breeder's seed must be field tested before it
is released as a source for basic seed multiplica-
tion. The field test may be jointly conducted by the
breeder and the seed certification agency.
As a matter of policy and convenience, adequ-
ate quantities of breeder's seed to last for 3 - 4
years should be multiplied at one time. The extra
seed can be retained as a buffer stock for any
sudden rise in demand or increased projected
requirements. It will also avoid errors that tend to
arise wi th frequent handling. Variations which
tend to develop from delayed segregation, muta-
tion, outcrossing, genetic drift or selection bias of
the breeder wil l also be minimized. A suitable cold
storage facility should be created at the research
station to store the planned carry-over stock.
Basic (foundation) seed is frequently produced
from breeder's seed. It is not necessary that
production of all basic seed be from breeder's
seed. As long as trueness-to-type is maintained it
can be produced from existing basic seed. Gener-
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ally one would go back to breeder's seed after
every 3 or 4 increases. Basic seed is multiplied at
the university seed farms or at the research farms
of seed companies under the supervision of
trained seed specialists. This seed class is usually
certified because it is used for the production of
certified commercial seed. All basic seed lots
should be field tested for genetic purity before
sale. The multiplication of the basic seed class
should not be restricted to governmental agencies
only. Free competition in its multiplication be-
tween the public and private sector should be
encouraged to ensure adequate and timely sup-
plies of seed wi th desirable genetic purity. A 
planned carry-over to the extent of 50% of this
seed class is essential to safeguard against future
failures from natural calamities or adverse agro-
climatic conditions. Suitable cold storage facilities
should be provided at production centers for
storing the basic seed.
In advanced countries the maintenance and
increase of the breeder and basic seed of closed
pedigree hybrids is usually the responsibility of
the parent seed stock multiplication departments
within the seed companies. These departments
are manned by qualified breeders and seed
specialists. Many organizations in advanced coun-
tries also have made a business of producing and
selling basic seed primarily of open pedigree
hybrids.
In order to have sufficient quantities for the
production of commercial seed, it may sometimes
become necessary to introduce another class
between the basic and commercial seed multipli-
cation stages, particularly when multiplying seeds
of sorghum varieties. This is known as registered 
seed. This seed class is usually produced on
government seed farms or by experienced seed
growers contracted by public or private seed
companies. The production is supervised by
trained seed technologists.
Commercial (certified) seed is produced from
basic (foundation or registered) seed. This is the
seed sold to farmers to sow their crop. Commer-
cial seed is referred to as certified seed if it is
produced according to prescribed standards
which ensure trueness-to-type, germination per-
centage and seed purity. Certification is usually a 
voluntary process and may not be used by
experienced companies having careful control of
their production. In such cases farmers purchase
seed, paying more attention to brand name than
to the certification tags.
In advanced countries, most of the commercial
sorghum seed is grown by private seed com-
panies. Either they lease the land of farmers and
carry out all operations themselves or they enter
into a preagreed procurement contract where the
farmer is responsible for all the cultivation opera-
tions, and roguing is handled by the company's
trained technicians. Most seed farms are large.
Mechanization is convenient and economical, and
the company has control over operations whic
determine the genetic and physical quality of th
seed.
In developing countries, the certified commer-
cial seed is produced either on large government
farms or under contract with numerous small but
progressive farmers. All field operations on gov-
ernment farms are handled by the salaried staff.
Since the element of incentive is usually lacking,
many field operations are not completed on t ime,
which not only reflect on seed yields but also on
its genetic and physical quality. Since government
seed multiplication programs usually enjoy hidden
or direct subsidies, they are able to attract the
farmers by selling their seed cheaper.
The farmers with small land holdings either
form themselves into a seed cooperative or enter
into a procurement contract with the public or
private sector seed companies. The seed com-
panies are usually better organized. They hire
competent technical staff who are conversant
wi th advanced production technology and thus
help their seed farmers in harvesting high acre
yield while maintaining the high standards of
purity. They create strong seed promotion, mar-
keting, and after sales service departments, and
they provide efficient and quick after sale ser-
vices. They establish their brand image and
farmers prefer to buy their seeds.
Problems in Seed Production
After superior hybrids have been bred they are
evaluated in yield trials and large-scale farmer field
trials before release. Most of the seed produced
at research centers for evaluation trials is through
hand pollinations. A systematic study on the ease
of production in farmers' fields under various
agroclimatic conditions should be done before a 
hybrid is released for commercial planting;
however, this is seldom done. It is left to the seed
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producing agencies to obtain information on
(a) days to flowering of each parent to ensure
synchronization in the seed field; (b) the photo-
sensitivity and/or thermosensitivity of the two
parents in various agroclimates. which may dif-
ferentially influence the time to flower, and
(c) the length of the period of receptivity of the
female parent, and information on flower charac-
teristics, such as, length of style (sometimes the
pistil may not emerge from the floret hence very
poor pollen receptivity).
There are genetic problems which a seed
producer faces, e.g., the pollen parent may be a 
shy pollen producer; absence or poor develop-
ment of female floral parts in some florets due to
genetic reasons; large variation in seed size and
germinating value of seed from the same panicle;
and very poor keeping quality of seed.
These problems can be illustrated from experi-
ence in the production of sorghum seed in India.
In order to successfully produce F1 seed, synchro-
nization of flowering of both the seed and pollen
parent is essential, i.e., the pollen should be
available to fertilize the stigmas of the seed parent
when they become receptive. The first sorghum
hybrid released by the All India Coordinated
Sorghum Improvement Project was CSH-1. The
male and female parents of this hybrid have more
or less the same maturity, the height of the two
parents is also similar and seed production has
been very successful. There were numerous
problems in multiplication of seed of the second,
third and fourth sorghum hybrids released.
Although these hybrids possessed a high yield
potential and better grain quality, they had to be
discontinued because seed production was
almost impossible. The male parent of CSH-2 was
almost two feet shorter than the female parent,
hence the pollen could not reach the stigmas of
the seed parent. The style of the female parent of
CSH-3 and CSH-4 would not come out of the
florets resulting in very poor seed setting.
The fifth hybrid released, CSH-5, has a very high
yield potential but its male parent flowers be-
tween 15 -20 days earlier than the female parent
thus necessitating staggered plantings. Further-
more, the panicle of the female parent is very
large, causing variation in seed size and germinat-
ing capacity. Moreover, the seed of this hybrid
deteriorates fast in storage. There is a problem of
poor development or even absence of female
floral parts in certain florets from the same panicle
in the recently developed sorghum hybrid CSH-9.
Quality Control
Quality control, voluntary or compulsory, is an
integral part of any seed program. Seed that is
sold to the farmer consumer should conform to
certain standards of genetic identity and purity,
should be free from inert matter, obnoxious
weeds and seed-borne diseases, should be of
high germinating capacity and possess the ability
to establish vigorous seedlings. Most of the
agriculturally advanced countries have legislation
governing quality of seed sold to farmers. Even in
developing countries where a beginning in orga-
nized seed trade has been made and farmers
depend on outside agencies for their seed sup-
plies, seed legislation has been enacted to safe-
guard their interests. The law may provide for
compulsory certification by a recognized agency
and prohibit the sale of seed to farmers unless it
conforms to certain minimum standards. It must
be truthfully labeled, i.e., the seed should be sold
in containers clearly declaring the name, kind and
variety of seed, its purity, germination, and other
crop seed, weed seed and inert matter percen-
tages.
In most developing countries where the farmer-
consumers are illiterate, compulsory certification
of seeds may initially be necessary to maintain
their quality. Seed certification is a specialized and
responsible job. Most decisions affect someone.
When seed is rejected, the seed grower is a 
heavy loser. If seed which does not conform to
standards is certified, all buyers of that seed will
suffer. Therefore, the certification requirements
should be definite, adequate and realistic and they
should be adhered to equitably and with firmness.
This job becomes easier if the certification agency
is independent from the agencies producing and
selling seeds, and also from the agency enforcing
the seed act.
I s o l a t i o n R e q u i r e m e n t
Isolation in terms of seed production refers to
separation of the seed crop by a specified
distance in all directions from all sources of
potential contamination during the growing period
of the crop, especially flowering. For want of
pertinent research data, seed programs in most
developing countries have arbitrarily adopted the
isolation distances that are used by the developed
countries. They should in fact be fixed for each
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region after a careful study of factors which
contribute to contamination such as wind velocity
and direction of wind at flowering, natural barriers,
insect activity, size of seed field, pollen shedding
capacity of the male parent, etc. There is a real
need to conduct experiments and come to some
definite conclusion for each seed class and for
each climatic zone.
Roguing
Although it is expected that the basic seed lots
supplied for certified commercial seed production
are field tested for genetic purity, off-type plants
do appear. They may be delayed segregates, out-
crosses, mutant or volunteer plants. The origina-
ting breeders should describe in detail the distin-
guishing morphological characteristics of a newly
released variety or parents in the case of a new
hybrid. During the process of multiplication from
breeders through commercial seed, they help
producers and certification inspectors to identify
and remove off-types and thus maintain genetic
purity of the variety or hybrid. The seed producing
agency specialists should train the seed farmers
to identify and remove all off-type plants at the
vegetative, flowering and seed ripening stages.
Maintainer line plants from female parent rows
should also be removed daily during flowering.
Seed Harvesting and Processing
The procedure for harvesting the seed parent is
more or less the same for all seed classes.
Harvesting should begin only after the final
(preharvest) inspection has been undertaken to
remove leftover off-type and diseased earheads.
Although sorghum seed is highest in quality when
it attains physiological maturity, i.e.. about 3 0 %
seed moisture, harvesting at this stage is possible
only if the facilities for artificial drying and
threshing are available. Seeds harvested at this
stage have a better appearance, are vigorous,
have greater resistance to mechanical injury
during drying-processing, and give increased
yields.
Harvesting can be done wi th a combine or by
hand. In the case of varietal multiplication, com-
bine harvesting and threshing can be fast and
economical but is possible only on large-size plots
and is usually recommended only for the commer-
cial seed class. The combine should be thoroughly
cleaned before use. In most developing countries,
including India, harvesting is done by hand at
about 15% seed moisture. Panicles are sun dried
for 2 - 3 days and threshed under bullock or tractor
wheels. This does reflect on the physical quality of
the seed and reduces its germination and storabil-
ity but these are the cheapest, most readily
available and most widely used methods.
Regardless of the class of seed, specific proce-
dures have to be followed when two parents are
involved (multiplication of A-line or hybrid seed).
The restorer or maintainer rows are harvested
first, threshed, stored, or sold. The technical staff
of the producing agency and/or seed certification
agency inspect the field for lodged or broken male
panicles or plants of diseased panicles in the
female parent rows and then give permission to
harvest the seed parent.
The breeder's seed should be threshed wi th a 
small-size seed thresher at 12% seed moisture.
These threshers can be easily cleaned thus
avoiding chances of mechanical mixtures. The
breeder or his associate can also examine each
head before putting it through the thresher. Since
the breeder's seed will usually be multiplied once
in 4 years, mechanical injury to seed, which can
reduce viability and vigor in storage, should be
avoided.
The threshing of basic seed should be done on
medium-size, power-operated threshers. The
identity of each lot should be separately main-
tained through proper labeling and the seed may
be stored in bulk or in new gunny bags until
further processing.
After harvest the seed contains various admix-
tures which have to be eliminated before sowing.
The seed is cleaned and graded to remove inert
matter, undersized, broken or shrivelled seed,
treated wi th an insecticide to provide protection
against stored grain pests and a fungicide to
protect against soil fungi on planting, then
weighed, bagged, and stored until sale.
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Seed Distribution
The channels of seed distribution for a private
seed company are often different than the ones
available to the public or government-run com-
pany. The efforts of the former are directed to
establishing its brand image—the brand being a 
guarantee of its quality. The seed company slowly
The retailer collects indents from each of the
farmer dealers and then passes them to the
subdistributor who in turn pools his requirement
and sends it to the distributor. The company
usually gets indents from all its distributors well
before the ensuing planting season. In many areas
the company often sells seed direct to the
farmers through its retail depots or in weekly
village markets. Usually all village farmers fre-
quently visit the village cigarette and soft drink
vendors. The Kenya Seed Company has efficiently
used them for retailing seed.
In those countries where the seed programs
are totally managed by public agencies, the
distribution is also mostly through established
government channels, such as block extension
centers or village cooperative societies. The ex-
tension staff is responsible for convincing farmers
to use improved certified seed. Often seeds are
"so ld" free or at subsidized prices.
In the countries where both the public sector
and private sector companies compete, the for-
mer usually enjoys the benefits of direct or hidden
government subsidies. They have the additional
advantage of the free use of available government
distribution channels. Usually the private sector is
more effective wherever free and fair competition
is permitted to prevail. Since it relies heavily on its
brand image, it ensures that the seed sold meets
the highest standards of purity, it creates an
efficient after sales service system and is able to
attend quickly to all complaints and thus retain its
clientele. Above all it delegates authority for spot
decisions which often finalize the deals in their
favor.
Training Needs
Training is an important part of every seed
program. Planners, senior executive staff, super-
visors or technicians working at any level in a seed
program should be well trained to perform their
job responsibilities efficiently. Further, they
should keep abreast with new innovations in their
field to enable them to continuously improve their
performance.
The training needs of the market-oriented eco-
nomy may be different from those of the subsist-
ence level economy. Thus training programs
should be developed to suit the practical needs of
each country. While the training needs of the
technicians may be met through short courses of
3 - 4 weeks duration, or through in-service train-
ing, the managerial and supervisory staff may
need specialized comprehensive training of 2 - 4
months duration. Seminars or workshops of 4 - 6
days duration may be adequate for planners and
senior executives.
Many international organizations have prepared
excellent material for such training courses. FAO/
SIDA and CIAT regularly organize training courses
for the benefit of seed programs of the developing
world. They have prepared excellent guidelines,
slides, fi lm strips, etc., to make training programs
meaningful and effective.
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Area
Distributor (wholesaler) Usually a whole state
or province or divi-
sion.
Subdistributor Usually a district.
Retailer Usually a taluka or
block or group of
villages.
Farmer-dealer or Usually 1-3 villages.
farmer service center
enters into new areas, plants demonstration plots
and organizes farmer field days. Farmers the
world over are shrewd and the most effective way
to convince them is by the factual field demon-
stration of the superiority of the new product
against the variety or hybrid that they are already
growing. Once convinced they usually stick to that
brand and even convince their neighbors to use it.
Thus a seed company creates a more or less
permanent market.
For distribution of seed, the private seed
companies use the following chain on a commis-
sion basis:
International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings
Symposium on Sorghum, 2-7 Nov 81. Patancheru. A.P.. India. Patancheru, A.P. India: ICRISAT.
of the International
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Traditional Tools
The daba is still the best known and perhaps the
most widely used farm tool. It exists in many
forms, changing with regions and soil types.
*
Technical Director, Compagnie Malienne pour le Deve-
loppement des Textiles (CMDT); Technical Director,
Agricultural Machinery Division; and Chief of the
Division of Research on Farming systems, respective-
ly, the South Mali Project.
In West Africa, the most mechanized farmers are
to be found in Mali. Their equipment is made up
almost exclusively of privately owned animal
traction machinery.
Today, everywhere in our fields modern equip-
ment and traditional tools such as the "daba"
(hoe) coexist. Great efforts are made to tip the
balance in favor of modern equipment.
A Brief History of Agricultural
Mechanizat ion in Mal i
The Population of South Mali
(1.5 million inhabitants)
This represents one quarter of the country's
populat ion—96% are rural, the rest live in towns
of average importance. There are about 140 000
families involved in farming, mainly coming from
the following ethnic groups: Bambara, Bobo.
T h e C l imate
The climate and soils of South Mali are appropri-
ate for a variety of crops. The climate is sudano-
sahelian in the north and sudano-guinean in the
south. The average annual rainfall varies from 700
mm in the north to 1400 mm in the south and is
concentrated in a rainy season from May to
October. The temperature varies from 26° to
31°C. This climate is particularly suitable for
growing cotton and food crops.
The soils are light, easy to work and are suitable
for millet, sorghum, corn, peanuts, cowpea, cot-
ton, etc.
The natural vegetation is that of the savanna
where the principal species are: Parkia biglobosa, 
Butyrospermum parkii. Acacia albida, Tamarindus 
indica, and Adansonia digitata. 
Minianka in the north and northeast, Malinke in
the south and southwest. One should note that
there are a certain number of Fulani.
M a m a d o u Ba, Dramane Zerbo and Tiecouradie Diarra*
The Mechanization of Millet and
Sorghum Production in Southern Mali
The Malian economy, which is characterized by an
itinerant agriculture and which is not well ad-
vanced, today involves more than 8 5 % of the total
population either directly or indirectly. It was not
until 1928 that Sub-Saharian Africa received
assistance and then it was only in Mali where the
first attempts were made to introduce animal
traction machinery. Shifting agriculture, a practice
which exhausts soils and as a result needs large
areas permitting a long fallow, is experiencing a 
real transformation today, because of animal
traction equipment and techniques.
Description of Project Zone
Project Zone
The Project zone is called South Mali ("Mali Sud")
(Fig. 1). It spreads over three administrative
regions, between 14° north latitude and the
Guinean, Ivory Coast and Upper Volta borders.
The area is 96 000 sq. kilometers. This region
represents 8% of Mali's territory and 3 3 % of the
area where rainfed agriculture is practiced.
In the area of Sikasso they work with a daba
which has a large blade which is mounted
obliquely on a short handle. In the rest of the zone,
the blade is small to average size mounted on a 
long handle with the end curved for ease in
handling when used. In the CMDT Zone 3 4 % of
the farmers have only this equipment while the
situation in the whole country is 60%.
Traditional tools of local fabrication, often well
adapted for their intended use, are of average
quality and permit farmers to neither improve their
traditional cultural practices nor to speed their
execution.
The large-scale introduction of cash crops
brought about a rapid reduction in the amount of
t ime devoted to food crops.
three administrative centers, the Office du Niger,
Baroueli, M'Pessoba with their master workers
(farmers) whom they trained, began animal trac-
tion. The plow was the first piece of equipment
introduced and the same type of plow can be
seen today, La Bajac B2, and B4, in the rice-
growing as well as the upland areas with the
cotton and cereal crops.
The animal traction weeder came later and
finally a complement of equipment for working
the soil.
The Plow
Farmers in the CMDT zone are very fond of one
type of p low—the Bajac TM (Tropical Mali). This
plow weighs 34 kg and has a furrow slice of 11
inches (27.5 cm). It is generally pulled by one pair
of bullocks, usually equipped with a neck yoke,
but one sees some head yokes. This plow was
originally made for a horse, but this animal is not
used for agricultural activities (in Mali), and so it
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Modern Equipment
Single row "l ight" mechanization wi th animal
traction appeared in Mali in 1928. The General
Directorate of Agriculture at that t ime through its
Figure 7. Mali Sud agricultural Project 
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was soon used wi th a pair of bullocks. Despite the
coming of the "Multiculteur" with its plow attach-
ment, farmers still demand the " T M " plow which
fills their needs very well.
At the same time, the early years of the
introduction of animal traction techniques were
very difficult, especially the introduction of plow-
ing. In effect, flat plowing was often done by
going around and around the field in such a way
that when one arrives in the center of the field,
foot traffic compacts the field and there is a large
loss of time which results from the many turns
and the increasingly short working distances.
Thus, with the increased efficiency in mind many
farmers directly plowed up ridges so that soil is
placed on unworked ground which has negative
effects on the plant development. While efforts
have been made to correct this practice, it is still
observed in certain parts of CMDT's zone of
action.
The Star Cultivator
This is the most popular weeding tool. The
standard model weighs 44 kg and has 5 cultivator
shanks on which sweeps, scarifiers or ridgers are
mounted. Rural craftsmen now fabricate many
similar pieces of equipment which are very often
quite light.
The "Multiculteur"
This equipment is light, weighs only 47 kg, and
can carry out a variety of operations wi th various
attachments such as a plow copied from the TM
plow and weeding and ridging tools.
Farmers in the zone would willingly do without
the "multiculteur" if they could be regularly
supplied with the star cultivator at a reasonable
price. Most often the "multiculteur" is used only
for weeding and ridging. Many farmers do not use
the plow.
The Seeder
This is a single row seeder wi th interchangeable
seed plates, which can be used for cereals as well
as for cotton and peanuts. This equipment has
been extended only very recently. Users at this
t ime wish that the tool could be made more
versatile by mounting a fertilizer applicator.
The Cart
The Organization and
Means of Activity
Mali Sud is an integrated development project
which came about based on the experience of a 
certain number of other development programs.
The CMDT* which was given responsibility for
carrying out the project was created in 1975 to
carry on the work of CFDT which had successfully
developed cotton cropping in South Mali since
1952/53. As a rural development organization, the
CMDT has been given the following activities:
• Increase the production of cotton fiber, jute,
and cereal crops particularly millet, sorghum,
corn, and rice by:
a. increasing the use of improved cultural
methods,
b. increasing the area under cultivation.
• To put a viable extension service, and purchase
credits for agricultural equipment and inputs at
the disposition of the farmers in the area.
• Improve the methods of animal husbandry
integrated in the farm enterprise.
• Develop the capacity to deliver primary health
care.
• Assure the training and education of the rural
population through literacy training for rural
craftsmen and young farmers.
Important results have been achieved to date
and have made agriculture in the zone much more
"modern" than in the past. Traditional subsist-
ence agriculture with elementary cultural techni-
ques has become incapable of assuring a subsist-
* CMDT: The South Mali Project has been entrusted to
the Compagnie Malienne pour le Developpement des
Textiles.
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This piece of equipment has both agricultural and
commercial uses and it is indispensable to our
farms. Farmers carry manure, water, purchased
inputs to the field, and their harvest to the village
with it. It has many uses throughout the year.
After having tried different types of carts, metal
wheels wi th and without a rubber covering, tires,
metal and wood beds, with or without a traction
bar, the cart with tires and an axle rated at 1 000
kg was found to be the best and is practically the
only one in use today.
ence for a normally expanding population while
conserving the fertility level of the soil.
The Basic Extension Service
The basic organizational structure of the extension
service has evolved little since it was restructured
in 1960. In effect, it was at that t ime that the
Malian Government, drawing from experience
gained by the agricultural service over many years
of evaluation marked by success and failure,
decided to substitute a system of close supervi-
sion for the old system.
Up to that time, extension programs were
carried out with a "spread supervision" system,
that is to say, one supervising agent who was
responsible for only one crop for 20 000 -30 000
inhabitants.
• The "Zone d'Expansion Rurale" (ZER)
With the new structure, the ZER became the
organizational unit actually carrying out exten-
sion activities. It covered 15 000 to 20 000
inhabitants and it cannot cut across two admi-
nistrative boundaries ("arrondissements"). The
ZER, made up of many "base units" (Secteurs
de Base, S.B.), administered by a technical
agent who in addition to directing and controll-
ing the activities at the S.B. level, plays the role
of moral leader, seeing to it that the moderniza-
tion efforts fit perfectly wi th the land and
people.
• The Basic Units (S.B.)
The S.B. is the basic unit for extension activi-
ties. The size can vary with local conditions but
this is limited by the ability to have close
contact between the extension agents and the
farmers, and the necessity that this contact
take place at the farm level. S.B.s normally
have between 2000 and 3000 inhabitants
representing 1000 to 1500 ha of cropped land.
Intervention Modes
To reach the project's objectives, modernization
which will bring to the rural masses (populations)
the possibility of social and economic develop-
ment, must be realized.
For a long time the fundamental question of
modernization in African agriculture was posed in
terms of increasing only the productivity of the
soil, that is to say yields/unit area. Animal traction
was considered as an easy means to extend the
cultivated area without increasing yields.
This perspective resulted from a sectorial view
of things that would not be admissible today
because diverse means and techniques are used
in a necessarily interdependent way to improve
the entire production system. As a result, the
question is posed today in terms of raising
productivity of diverse production factors (land,
water, labor, and equipment). In many cases,
most notably in the project zone, modernization of
the farm enterprise brought about an increase in
farmer income which in turn encouraged savings
which favored further investment.
The necessity of relying on one cash crop to
justify the effort was understood early and it was
naturally cotton which was seen as the lever
which the extension services needed to motivate
this modernization. Cotton when grown with
traditional methods only gives meager returns but
it is very sensitive to improvements in cultural
practices. It permitted farmers to equip them-
selves with farm machinery, animals, and under-
take investments such as mineral fertilizers and
phyto-sanitary treatments.
A farmer's efforts which favor his cotton field
necessarily help his other crops: millet and
sorghum which benefit from residual effects of
fertilizers, plowing and weeding of cereal crop are
carried out with animal traction equipment, etc.
Thus, the farmer generally raises his productive
potential and his resource base. A considerable
extension effort was necessary to get the farmer
started and to make him discontinue the tradition-
al methods.
The conceptualization of extension themes took
note of two essential facts:
(i) That it was necessary to respect a good
balance of crops,
(ii) That it was necessary to respect the agricul-
tural calendar.
A Good Balance of Crops
Mali has about 2 million ha where permanent
rainfed agriculture is practiced on small holdings
of less than 5 ha (1.8 million ha). About 9 0 % of
this area is in cereals and the rest in cash crops
(cotton and peanuts). In the last few years, cash
crop production, most notably cotton, has been
increased considerably. Normal cereal production
is estimated at 1.2 million tonnes per year while
during the years of the great drought, 1972-74,
the level was limited to 0.8 million tonnes. It
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should be understood that workers from the
extended family cultivate at least one principal
communal field and in addition there are many
secondary fields of varying importance which
have their own decision makers who are mem-
bers of the extended family but function indepen-
dently.
Taking into account actual levels of production,
it has been noted that in order to conserve a 
production equilibrium, the farms in the project
zone should respect a minimum ratio of 1 ha
cotton to 3 ha of cereal, thus:
0.10 ha cotton/inhabitant
0.30 ha cereal/inhabitant.
The results of farm surveys conducted in the zone
are shown in Table 1.
A reduction in cereal area/inhabitant could be
due to the combined effects of a rapid increase in
population and the drought which has been felt
throughout the country. Nevertheless it can be
seen from the table that there is a good relative
balance of crops except around Koutiala where
there is an important reduction in area cultivated
in cereals. This may be explained by the high level
of productivity in this region which has come
about as a result of the use of proper cultural
practices. The reduction in area around San is due
to a restructuring of the zone; in fact the actual
reduction is less than the table indicates.
The Agricultural Calendar (Tables 2 and 3)
The large-scale introduction of cash cropping and
the increased demographic pressure have quickly
brought about an important reduction in the area
as well as the t ime that can be given to growing
cereal crops.
The project zone is characterized by a single
short rainy season which has been very irregular
in the last few years, especially at the beginning.
The season extends from the end of May to
September. All rainfed crops must thus be grown
during this period of about 4 months. Until
recently millet and sorghum were planted wi th
the first rains on unworked soil which the farmers
would weed later so as not to lose time. Today, it
has become imperative that millet and sorghum
cropping be carried out with plowing or ridging to
be successful even with early seeding.
These work times come from the IER (Institut
d'Economie Rurale), April 1981, and represent 8 
effective hours of work per man day or 10 hours
of presence in the field which takes into account
lost t ime for rest and meals. From the analysis of
the two systems it is clear that the bottlenecks
provoked either by increasing the area devoted to
cash crops or the time invested in cereal produc-
tion could not be overcome except by generalizing
the use of animal traction. The gain of more than 6 
man days during a relatively limited period of t ime,
like the t ime of seeding, is considerable especially
if one takes into account that animal traction
results in better soil preparation, better root
penetration due to improved tilth, incorporation of
weeds and better soil aeration and a more active
microflora.
The Evolution of Animal Traction
Equipment in the Project Zone
The number of equipment units listed in Table 3 
was used in 1979/80 to seed the following areas
Table 1. Area (ha) per inhabitant for cotton and cereals.
Cotton Cereals
Regions 1969/70 1979/80 1969/70 1979/80
Fana 0.12 0.13 0.35 0.22
Bougouni 0.01 0.01 0.06 0.08
Sikasso 0.03 0.05 0.18 0.21
Koutiala 0.13 0.13 0.39 0.24
San 0.04 0.02 0.68 0.18
Segou 0.05 0.12 0.60 0.56
Average 0.06 0.07 0.37 0.25
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wi th improved cropping practices:
Sorghum/millets 118 860 ha
Com 24 271 ha
Rice 4 604 ha
Jute 3 400 ha
Cotton 118 612 ha
Total 269 747 ha
The total available farm area in Mali is 6.72
million ha. Considering that most of the farmers
who have a "Mult iculteur" also have a plow, the
following ratios are possible:
—Number of plow units
52 522 + 34 115 = 86 637
—Area tillable by these units if each plows
5 ha/unit: 86 637 x 5 - 433 185 ha.
—Number of units which may be placed:
—Use efficiency of existing units
The ratio of fields cropped wi th improved prac-
tices and the total number of farms (140 000)
gives:
This is far from the average levels desired by
the project which previewed 5 ha in annual crops
of which:
—Cotton : 1.0 ha.
—Cereals : 3.5 ha
—Others : 0.5 ha.
Equipment available per farm
The potential area available for expansion would
be:
Observat ions
A summary of the lessons which may be drawn
from this analysis:
• There is an enormous need for equipment.
Table 3. Number off farm implement units.
Before the
project
1975/76
Project years
Implement 1976/77 1977/78 1978/79 1979/80
Plow
"Mult icul teur"
Cart
37 458
20 247
16 532
36 848
23 726
18004
44 601
28 560
22 041
48 067
31 355
24 524
52 522
3 4 1 1 5
25 412
512
Table 2. Comparative work t ime for traditional
and animal traction wi th millet and sor-
ghum.
Number
of days
1. Traditional Cropping
Clearing fields
Seeding
Thinning and transplanting
Maintenance
Harvest/threshing / 
winnowing/transport
12
2
4
18
25
Total days/ha 61
Men Equipment
II. Animal Traction
Land preparation
Harrowing
Seeding
1st Weeding
2nd Weeding
Ridging
Harvest
4 2 
2 1 
2 — 
5 1 
5 1 
5 2 
10 — 
Threshing/winnowing
Transport
15 — 
2 1 
Total days/ha 50 8 
433 185
269 747
0.62
5
6 720 0 0 0 - 4 3 3 185
140 000
269 747
140 000
86 637
140 000
6 72 000 - 433 185
= 44.91 ha/farm
= 0.62 or 1.6 farms/plow unit
= 1.926 ha/farm in improved practice
= 1 257 363
• The under-utilization of certain equipment
indicates that some farms are over-
equipped.
• One equipment unit wi th a capacity of 5 ha
takes care of more than two farms.
• The modernization effort needs to be con-
tinued and intensified so that the potential of
animal traction may be exploited to its
fullest.
Particular attention needs to be paid to those
who receive equipment for the first t ime.
Techniques Realized with
Millet and Sorghum
While no precise objective was set for the project,
a particular emphasis was placed on cereal crops.
The results in Table 4 show the development of
production practices on these crops.
Area where techniques were followed should
be understood to mean that the cereals were
grown in rotation wi th cotton. The weeding
bottleneck which could exist wi th increased area
under cultivation as well as grouped early seeding
was avoided wi th the use of animal traction
equipment for weeding. The spread of animal
traction is an indication of the progress in agricul-
tural modernization.
The Socioeconomic Context of
of Mechanizat ion (Tables 5 and 6)
The agricultural modernization strategy in the
project zone was originally based exclusively on
placing imported equipment wi th a credit system
which grew up over the years. At first the only
efforts were directed towards cash sales through
rural groups. Very early in the experiences volun-
teer farmers, chosen for their receptivity and
discipline, began to receive interest-free credit for
2 years to purchase a pair of bullocks and farm
equipment (plow, weeder, etc.) In return, the
farmer committed himself to the program of the
extension service. This system gave excellent
results and permitted the project to rapidly pass
on its techniqes to some farmers from whom the
example spread readily.
The rhythm of equipment placement has been
sensibly improved by the creation of a specialized
credit service, initially wi th the Bank of Mali
(1964-SCAER) and later a financially autonomous
institution in 1971 (SCAER).
The purchase of equipment was made either
through rural organizations or Rual Development
Operations (CMDT) in the following forms:
(a) Cash payment funds received from the crop
sales (cotton, cereals, animals).
(b) Money coming from commercial activities,
a relative who is a bureaucrat, or a member
of the family who is working away from the
farm.
(c) Purchase on short-term credit.
The most common form, excluding timely
monetary contributions by farm family members
working temporarily or permanently in other
sectors of the economy, was. and continues to
be, medium-term credit. At this t ime this credit
does not cover traction animals which must be
purchased on a cash basis. The rest of the
equipment was subsidized until 1976.
Because of the quality of statistics available, it is
difficult to establish a clearly coherent link be-
tween the price of agricultural commodities pro-
duced with the equipment and the resulting
production. Nevertheless, it can easily be seen
that the purchasing power of farmers is being
eroded.
Cash payment has become more and more
difficult because of the deterioration in the sale
terms. In effect, it can be seen in Tables 5 and 6 
that 996 kg of millet or sorghum in 1977 was
needed to purchase a plow; in 1980, at the official
price, one needs 1 057 kg. This deterioration is
more marked for the "multiculteur" whose purch-
ase in 1976 required 1266 kg of millet or sorghum
and today demands 1776 kg, thus 510 kg more in
5 years.
As a result of this reduced purchasing power,
the following strategies permit farmers to fulfill
their social and civic obligations:
(1) An increase in the rural exodus, both tem-
porary and permanent.
(2) An increase of sales in the free market at
more profitable prices.
(3) An extension of the area cultivated because
of equipment loans to nonequipped far-
mers.
In effect, nonequipped farmers can neverthe-
less have access to equipment (plow, cart) on
credit arrangements where the debt is repaid in
kind, in cash, or with work during weeding or
harvest. Naturally, the conditions governing the
loan are defined as a function of the relationships
between the parties as well as locally accepted
practices.
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Table 6. Evolution of crop prices (CFA/kg) to the farmer.
% increase
Products 1975/76 1976/77 1977/78 1978/79 1979/80 1980/76
Mi l let /sorghum
Paddy
Peanut
Cotton
32
40
40
75
32
40
40
75
36
45
50
90
40
50
60
90
50
62.5
80
110
156
156
200
147
important of which are:
(1) The equipment in question is generally
fabricated locally and the terms of payment
are generally more reasonable.
(2) The limited capacity of their traction ani-
mals; weakened by their health, and the
limited availability of forage in the dry
Patterns in Agricultural Mechanization
Two clear patterns are observed. The first is
observed wi th the majority of farmers, particularly
those who own equipment for the first t ime. They
want equipment which is increasingly specialized
and light weight for many reasons, the most
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Table 5. Evolution of the cash prices (CFA) of the most important equipment (FM/unft) .
Before the
project Project years % increase
1975/76 1976/77 1977/78 1978/79 1979/80 1980/76
Plow
"Mult iculteur"
Seeder
Cart*
31 860
40 500
24 975
44 280
45 650
80 000
55 500
60 900
47 880
83 000
55 500
60 900
52 870
88 795
58 010
71 060
52 870
88 795
58 010
71 060
166
219
232
160
* For wheels and axle rated at 1000 kg; the frame and bed are manufactured by local craftsman.
Table 4. Changes in production and production practices (1975-1980) .
Before the
project Project years
1975/76 1976/77 1977/78 1978/1979 1979/1980
Total area (est.) (ha) 430 000 420 000 450 000 450 000 450 000
Techniques fol lowed (ha) 27 106 33 077 42 841 88 173 118 860
of wh i ch -p low - 27 286 34 149 67 485 86 172
-seeded - 5 791 8 692 20 688 32 688
-Seeded with seeder (ha) - 4 989 9 324 21526 35 017
-Fert. 14N-22P-12K-85-2.5B (ha) - 1 110 2 806 4 779 6 514
Weeded wi th "mult iculteur" (ha) 36 964 33 449 40 414 70 257 83 569
-Ridged with "multiculteur" (ha) 27 961 11142 27 236 49 198 54 319
Average yield (est.) (kg/ha) 600 700 700 800 850
season makes these animals incapable of
working more than a half day especially
during the plowing period, the most critical
t ime of the year.
(3) The equipment/teams are operated as in-
dependent units which increase the free-
dom of action by permitting different activi-
ties to be carried out at the same time.
The increase in the number of equipment types
can be interpreted as an indication of the need for
better adapted and performing equipment at a 
lower cost.
The second group are those for whom interme-
diate motorization addresses the profitability (pro-
duction) limits of animal traction techniques. A 
simple motorized unit wi th versatile and depend-
able equipment which performs better than what
has been used to date is needed. While the effort
is in its 5th year, intermediate motorization is still
in the testing phase. In effect, because of
repeated failures wi th attempts at motorization,
the project waited until 1977-78 to begin activi-
ties aimed at bringing about a successful effort of
this type.
This activity, which today involves 79 exploita-
tions in the Koutiala area, in the center of the
project zone, is characterized by:
(a) sophisticated farmers
(b) animal traction since 1928
(c) logistic support that is available during all of
the year
(d) large cultivated areas.
At the end of the 1981 /82 cropping season the
agro-socioeconomic parameters of this system
will be defined and above and beyond this we
have a tractor and equipment which is viable from
the point of view of operation and performance.
Future Orientations
The effort to transfer technology supposes that
the conditions for its acceptance are at hand.
These basic conditions relevant to agricultural
mechanization can be summarized in three parts:
a. SELF-SUFFICIENCY. When the use of a piece of
equipment or process becomes common; this
is said to be the most important condition
precedent on the farm. In effect, wi th our
conditions, it is not enough to say that a new
piece of equipment performs well or is profit-
able, but that it also must certainly be able to
be, within the context in which it is used,
supported by a large number of persons
capable of providing necessary supplies and
maintenance.
b. PERFORMANCE. The need for surplus produc-
tion for security food stocks has made it
necessary to put larger areas under production
and it has as a result, become necessary to
have more production per equipment unit to
ensure adequate performance to guarantee
that the production calendar is respected.
c. PROFITABILITY. NO less important than the
other aspects and often in fact the limiting
factor when one talks about important tech-
nological innovations which are available.
It follows that, one can foresee three steps
towards increased mechanization in the project
zone, i.e., light weight animal traction equipment;
heavier animal traction equipment; and intermedi-
ate mechanization.
Light Weight Animal Traction Equipment
This step principally concerns those who are
being equipped for the first t ime and this is the
largest group. The equipment is based on the TM
plow and the donkey cultivator; specialized equip-
ment comes in a second phase which should be
left to the initiative of the farmers.
The need must be recognized, in a more and
more important way, to make the equipment
lighter so that it can be used throughout the
project zone. One notes a tendency towards
cheaper traction animals, like the donkey, in place
of bullocks or even the use of cows or a single
bullock for work which does not demand a very
high traction effort (especially seeding and
weeding).
Our figures indicate that there are more farmers
who purchase a second piece of equipment than
those who purchase for the first time. This comes
about because of the price and credit relation-
ships. Improved credit is necessary for this type of
peasant. Particular attention should be given to
credit for traction animals, the biggest investment
involved in the expansion of animal traction.
Heavier Animal Traction
The increase in the number of traction units in
certain farms results in an over-equipment and
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there is nothing left but to look for a better
performing equipment. The fact that there is not
any "heavy type" (multiple row tool bar type)
animal traction equipment available is aggravating
the situation.
Less than aggressive trials of the "polyculture"
have been made in the area but the farmers were
able to see the price/benefit relationship. They
were struck by its performance for seeding,
weeding and ridging, but they were not similarly
impressed by its ability to plow. The tractive force
which it demands and the price made it unaccept-
able.
The petroleum crisis and worldwide inflation
clearly pose the necessity to internalize the heavy
animal traction phase. This equipment needs to
be perfected because all that has been tried to
date has not been satisfactory. We hope that over
the next 4 years that some equipment distin-
guishes itself by its performance in trials off-
station, wi th farmers.
ICRISAT/Mali, as part of its research program,
has used a number of tool carriers which, when
used with appropriate cultural methods, have
shown themselves to be effective and can solve
the problem of precision seeding and weeding.
Working on this basis, "Division du Machinisme
Agricole" of Mali collaborating wi th an ICRISAT
consultant has fabricated different tool carrier
prototypes of the "Barre-Nolle" type. This tool
carrier has variable wheel spacing from 120 to 180
cm and has been successfully used for seeding
and weeding. It is also possible to work on ridges
as well as on flat ground. Earlier, seeding and
weeding on ridges was not possible wi th existing
equipment. While it is well known that weeding is
the limiting factor for total area cultivated, one
should also note that existing equipment is not
adequately utilized for these operations; weeding
is therefore often done wi th the traditional daba.
While some farmers satisfactorily carry out
interline weeding wi th the "multiculteur", this
assumes that the precision of row spacing has
been achieved either by using a seeding rope or
precision seeding equipment.
In terms of work t ime, the seeding and weeding
operations carried out wi th the tool carrier used
are 2 to 3 times as fast as the "multiculteur"
because they cover 2 to 3 t imes the surface wi th
one pass in the field.
The existence today of a reserve of rural
craftsmen trained and equipped and thus capable
of bringing the logistic support necessary to
animal traction makes it necessary to first exploit
to the fullest the possibilities that this step brings
before moving to intermediate mechanization.
In termedia te Motor iza t ion
While in the 5th year of experimentation, this
phase is not well understood. It is focused on
farms which have a great deal of experience wi th
animal traction and which have substantial re-
venues, i.e., sufficient to make the investment.
Because of the training and necessary follow-
through, farmers were chosen in an area relatively
close to support the services around Koutiala,
Fana and Sikasso and governed by the following
strict criteria:
(a) 15 -20 ha cultivated land plus available
fallow.
(b) sufficient family workers (at least 8 active).
(c) the desire of the head of the family.
(d) proven debt worthiness.
A preliminary study permitted a choice of farms
which have received a tractor and accompanying
equipment on credit over 5 years with the 1 st year
deferred but payment in cash thereafter. In
addition, at the beginning of each cropping year a 
sum is paid in advance for the functioning of the
machine (fuel, lubrication, spare parts, etc.). The
farmer pays cash for repairs after the 2nd year.
The 1st year is considered as a training and
adapting period.
Three existing project sections today are re-
sponsible for: training tractor drivers, putting the
equipment in place, supplying inputs, repair and
maintenance, the control and supervision of the
agronomic practices of the farmers, and the
preparations and execution of a work plan with
the agreement of the head of the farm.
Given the responsibility, which is difficult to
pass on in the short term, especially if one knows
the complexities of motorization, of never going
beyond one day for repairing an equipment unit,
the experience shows that there is room for
improvement.
Conclusion
While the agricultural potential of the zone offers
great potential, the farmers make less and less
effort to equip themselves because of the price
structure and the lack of adequate credit. Efforts
must be undertaken wi th an emphasis on those
who equip themselves for the first t ime otherwise
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we will assist in over-equipping those who were
equipped while equipment was cheaper. This
necessitates that one does not allow, to the
degree that it is possible, the prestige that
motorization brings within the village to bring into
question the order of development steps. In other
words, it would be desirable to exploit all of the
potential of animal traction before going onto
intermediate motorization.
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A Strategy to Raise the Productivity
of Subsistence Farming Systems
in the West African Semi-Arid Tropics
W. A. Stoop, C. M. Pattanayak, P. J. Mat lon , and W. R. Root *
Sorghum is the most important rainfed cereal crop
in the West African Sudanian climatic zone, and it
is a major crop in the Sahelian zone. Traditional
varieties are generally tall and photoperiod-
sensitive wi th maturity durations ranging from
160 days in the south (Sudanian zone) to 115 days
or less in the north (Sahelian zone). Average grain
yields under traditional management vary from
800 kg/ha in the south to 400 kg/ha in the north.
For Upper Volta some of the major factors
underlying these low yields have been reported by
Stoop and Pattanayak (1980). These factors in-
clude a low and unpredictable rainfall, poor soils
with low available water-holding capacity, low
moisture infiltration rates due to a crusting soil
surface, and generally low fertility. Most tradition-
al farming is based on hand labor, and com-
plementary inputs are often unavailable or too
expensive for small farmers.
Variation in rainfall patterns and soils in West
Africa has led to a diversity in traditional farming
systems. This diversity itself is probably one of
the major reasons why sorghum improvement
programs have not yet been successful in intro-
ducing improved varieties at the farmers' level
despite nearly two decades of research efforts.
This paper discusses the environmental factors,
rainfall and soil, in the West African Sudanian
zone, and to a lesser extent the Sahelian zone,
and the traditional farming practices that have
evolved in response to this environment. It
critically discusses the approaches adopted in
sorghum improvement work in West Africa during
* Agronomist, Royal Tropical Institute. Mauritskade 63,
Amsterdam (formerly Agronomist, ICRISAT/Upper
Volta Program), and Sorghum Breeder, Economist and
International Intern, ICRISAT Upper Volta Program.
International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International
Symposium on Sorghum. 2-7 Nov 81, Patancheru. A.P.. India. Patancheru. A.P. India: ICRISAT.
The Physical Environment: its
Effect on Cropping Patterns
The two major natural sources of variation within
the semi-arid tropics (SAT) are rainfall—its total
amount and distribution over the year—and soils.
In the West African SAT, average rainfall de-
creases from south to north with isohyets more or
less parallel to the equator. Some data on rainfall
characteristics in Upper Volta are given in Table 1.
Similar situations occur in the other West African
countries of similar latitude. Within rainfall zones,
various soil types occur, usually linked to a 
specific position in the topography. Shallow,
gravelly soils are generally associated with upland
areas, whereas deeper soils (sandy loams or silt
loams) occur on the slopes, gradually changing to
hydromorphic soils in the lowlands (Stoop and
Pattanayak 1980). A considerable lateral water
f low through the soil from upland areas is com-
mon and, as a result, the best agricultural land is
most often found on the lower slopes bordering
rainy-season swamps.
Some important differences exist between
soils of the West African SAT and the Indian
subcontinent (FAO/UNESCO 1974). The fertile
alluvial soils and black clay soils (Vertisols) that are
found in large areas in India are much less
common in West Africa and tend to occur in
isolated patches. Red soils, mostly Alfisols, that
are common to both continents, appear in India to
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the past 20 years, and analyzes the impact of
these programs on sorghum cropping in the
region. Finally, this paper presents strategies for
sorghum improvement and agronomic improve-
ments that may have greater likelihood of success
in the 1980s.
520
contain more clay and considerable amounts of
illite and montmorillonite (Biswas et al. 1966;
Kenchenna Gowda et al. 1966). In West Africa
these soils are generally sandy wi th some kaolini-
tic clay. Analyses of samples of Kamboinse
(Upper Volta) soil and Patancheru (India) soils are
compared in Table 2. These data suggest differ-
ences in cation exchange capacity and exchange-
able cations that make the Kamboinse soil less
fertile and reduce its water-holding capacity (Table
3 and Moormann and van Wambeke 1978).
Available soil moisture contents for many West
African soils are in the range of 3 0 - 1 0 0 mm,
while values of 150-300 mm have been reported
for India (Virmani et al. 1978).
In West Africa, where soils generally have a low
soil moisture content, farming is:
a. risky, since a drought period of more than 10
days during the cropping season can serious-
ly damage the crop;
b. tied closely to the duration of the rainy
season, the residual soil moisture being
exhausted quickly thereafter. Unlike crop-
ping practices in India, growing a postrainy
season crop on residual moisture is rarely
possible in most areas of the West African
SAT, even on deep Vertisols.
Superimposed on these major variables of soils
and rainfall one finds an array of farming systems
adapted to local conditions, each wi th its own
potential and constraints. West African farmers
have adopted crops and cropping sytems that
provide minimum risk while exploiting the entire
duration of the rainy season. In the south, where
the season is long, various cereal/cereal inter-
cropping combinations are common. The actual
system varies wi th soil type (Table 4) and often
includes the combination of a short-duration
photoperiod-insensitive cereal wi th a full-season
photoperiod-sensitive cereal. Farther to the north,
the rainy season is shorter and a single photo-
period-sensitive cereal (to allow planting wi th the
first rains) is often mixed wi th cowpea as a minor
crop. The choice of the dominant cereal, sorghum
or millet, depends on the nature of the soil (Table
4). A further risk-reducing strategy by farmers is
the reduction of plant populations in lower rainfall
areas and on sandy soils. At first the multitude of
Table 1. Characterization of the rainfall pattern in three major ecological zones in Upper Volta.
Ecological
zone
Mean annual
rainfall
(mm)
Approx. start
of rainy
season
Duration of
rainy season
(months)
Approx no. Peak rainfall
of rainy days months
South Sudanian Zone
North Sudanian Zone
Sahelian Zone
> 1000
650-1000
< 650
May
June
July
5 to 6 
4 to 5 
2.5 to 4.0
80 to 95 July. Aug. Sept
60 to 70 July. Aug
40 to 50 Aug
Table 2. A comparison of soil chemical properties between an Alfisol f rom Patancheru" (India) and one of
Kamboinse (Upper Volta).
CEC
(meq/100 g 
soil)
Exch. cations
Location
Soil depth
(cm) pH % Clay
Ca M g
(meq/100g soil)
K
Patancheru (India) 0 - 1 8
3 5 - 6 2
6 2 - 1 0 5
6.7
6.1
6.4
29 6 
47.0
55.2
10.0
18.8
19.8
6.7
12.7
14.3
1.5
2.8
2.7
0.7
0.6
0.8
Kamboinse (Upper
Volta)
0 - 1 5
4 5 - 5 5
7 5 - 8 5
6.3
6.4
6.5
10.2
26.3
32.7
5.1
6.6
7.7
2.1
2.9
3.7
0.6
1.0
1.5
0.2
0.2
0.2
a. Data reported by Singh and Krantz (1976)
systems observable may seem confusing; the
variety, however, represents a logical response to
environmental diversity. It is within this frame-
work that one should examine the merits and
weaknesses of local sorghums, and into which
new varieties and technologies need to be fitted.
Given the uncertain rainfall, and low soil water-
holding capacity, one can seriously question
whether crop improvement programs based pri-
marily on the same high-yielding variety (HYV) and
input package strategies as used in the Indian
environment can be equally effective in West
Africa. Most HYVs require a high plant density in a 
pure stand to realize yield potential. This in turn
requires a rather dependable soil moisture supply
and high soil fertility.
Jha (1980) in a study of fertilizer use patterns in
India arrived at conclusions on the use of im-
proved varieties that have direct relevance to the
West African situation. Fertilizer use was found to
be largely explained by the size and certainty of
returns that in turn were closely correlated wi th
rainfall and irrigation density. This fertilizer use
was greater in the irrigated and high rainfall
districts and HYVs were also most common in
these same areas. He concluded that, in SAT
areas with high and more dependable rainfall or on
soil wi th good moisture holding capacity, farmers
will more readily adopt fertilizers and HWs than in
areas wi th poor soils. Unfortunately poor soils and
Table 3. Available water-holding capacity in toils dominated by low (kaolinitic) and high (montmorillionitic)
activity clays (after Moormann and van Wambeke 1978.)
Low-activity clays
(CEC < 2 4 meq/100 g clay)
High-activity clays
(CEC > 2 4 meq/100 g clay)
Av. CEC Av. AWCa
(meq/100 g)
14.6 ± 3.6 16.5 ± 6 
Av. CEC Av. AWC a
(meq/100 g)
62.8 ± 13.5 38.7 ± 19.4
a. Available waterholding capacity (0.3 minus 15 bar water) expressed in percent per 100 g clay.
Table 4. Relationships between rainfall zone, soil types, and prevailing cereal cropping systems in use in
various areas of West Africa.
Rainfall zone
(mm/year) Area
Start of
rains
End of
rains Soil type
Cropping
system
Harvest
period
900 -1000 North Ghana Apr /May Oct/Nov Coarse
(upland)
Coarse
(low land)
Early millet
+ late millet
Early millet
+ late sorghum
July
Nov
July
Nov
900 -1000 South Upper Volta Apr /May Oct/Nov Sandy loam Red sorghum
+ late millet
Aug/Sept
Nov/Dec
900 -1000 South Mali Apr /May Oct/Nov Sandy loam Maize
+ late sorghum
Maize
+ late sorghum
Aug/Sept
Dec
Aug/Sept
Nov
6 0 0 - 7 0 0 Central Upper
Volta and
Mali
June Sept Loamy sand
(upland)
Sandy loam
(lowland)
Late millet
+ cowpea
Late sorghum
+ cowpea
Oct
Oct
Oct
Oct
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uncertain moisture are the rule in the West
African SAT except for minor areas wi th irrigation
or along river fioodplains.
Sorghum Varietal Improvement
A great majority of farmers in the West African
SAT follow traditional farming practices that have
evolved through generations (Swift 1978) and
reflect adaptation to the variable environment.
Improved varieties and hybrids should be de-
veloped to fit these systems if production by
farmers, most of whom are near the subsistence
level, is to be increased. The failure to have done
this may explain the general lack of success of
sorghum improvement programs in the region.
Results of Sorghum Varietal
Improvement in West Africa
During the early 1960s the Institut de Recherche
Agronomique Tropical (IRAT) started work on
sorghum varietal improvement in West Africa
south of the Sahel. Several promising varieties
have been developed in Senegal (Mauboussin et
at. 1977). However, in spite of a well-established
agricultural research infrastructure as well as a 
regional experimental unit, Sene (1980) believes
that these varieties and research findings have
had little impact at the farm level. In Mali and
Niger, Sapin (1977) and Chanterreau and Mousa
(1977) report that several HYVs have been identi-
fied for use by farmers, but Johnson (1979)
concludes that in Mali local varieties outyielded
the improved ones under moderately superior
management conditions.
In Upper Volta, Labeyrie (1977) listed a number
of promising varieties. For the northern zone, wi th
400-500 mm/year rainfall. IRAT S-10 and S-13
were recommended. However, S-10 has proved
too late and S-13 required precise soil manage-
ment for seedling establishment, wi th the result
that neither variety has been generally adopted by
farmers. For the 650-750 mm/year rainfall zone
(central Upper Volta) several selected local
varieties, such as IRAT S-29. Nongomsoba, Belco,
Zalla. and Tioadi, were recommended. But again,
none is grown on a large scale probably because
they are not different from or superior to local
varieties already in use. Other dwarf, partially
photoperiod-sensitive, improved varieties recom-
mended for the same rainfall zone, such as IRAT
S-6, S-7, S-8, and S-10, also have not been
adopted because of poor seedling establishment
or poor grain quality. In the higher rainfall zones in
the south of Upper Volta tall, late-duration,
selected local varieties such as Ouedezoure and
Gnofing have been relatively more successful, but
other improved varieties, such as IRAT 271 and
294, have not been adopted because of poor grain
quality.
ICRISAT Sorghum Improvement
Program in Upper Volta
ICRISAT sorghum improvement work in West
Africa started in 1975. During the following years
a range of elite introductions and local varieties
have been identified and concepts on varietal
requirements have been defined (ICRISAT 1980).
Varietal requirements were considered against
variations in rainfall (amount, duration, and distri-
bution), soils (their water-holding capacities), and
local farming practices (type of soil preparation,
planting dates, and fertilization practices) for the
major zones in Upper Volta. As a result sorghum
improvement and selection of cultivars of three
broad maturity durations were initiated.
a. Long-duration (130-140 days), photoperiod-
sensitive sorghum to be planted at the onset
of the rains in late May or early June on good
deep soils or in low-lying areas where
residual moisture is assured at the end of the
rainy season. Presently, only local varieties
or " improved" locals, outstanding in germi-
nation ability, seedling vigor, and drought
tolerance, are available. With judicious selec-
tion of progenies from crosses of selected
locals x elite exotics it may be possible to
isolate lines with the hardiness of the locals
and the higher yield potential of the exotics.
Such work is in progress.
b. Medium-duration (120 days), partially photo-
period-sensitive sorghums for planting in the
600-800 mm/year rainfall zone by the
second half of June, or in higher rainfall
zones in case of an early drought, providing
an additional option as well as a means to
spread the early-season workload over a 
longer period of t ime.
c. Short duration (less than 105 days), photo-
period-insensitive sorghum that can be
planted in July in the northern zone, in the
central zone on shalow soils, and as a "last
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In the previous sections the implications of the
environmental factors (soil and rainfall) for grow-
ing sorghum were discussed, and the recent
efforts in sorghum improvement were critically
reviewed. In spite of superior yield performance
under experiment station conditions, improved
sorghum varieties developed in West Africa have
not replaced local varieties and have been re-
jected by the farmers for intrinsic shortcomings
(germination and seedling establishment and
grain quality) or because they did not fit into the
risk-reducing strategies of subsistence farmers.
We conclude that, to define the needs of im-
proved varieties and technologies and to deter-
mine their relative priorities, the farming system
as a whole needs to be considered, including not
only the technical but also the socioeconomic and
institutional factors on which these systems are
based. It is in this context that a farming system
approach (Norman 1974; Hildebrand 1979; Biggs
1980) could help match breeding goals to specific
needs of subsistence farmers in the West African
SAT.
In view of great diversities in soil and rainfall
patterns, the aim should be to increase the
number of options (improved varieties and tech-
nologies) available to farmers so that they may
better cope wi th these diversities, rather than to
propose to them a more or less standard im-
proved agricultural system.
The approach should have three phases: identi-
fication and evaluation, technical research, and
preextension on-farm testing. These three phases
are to a large extent interdependent and should
operate simultaneously, as is the case in the
ICRISAT Upper Volta project.
Phase 2: Technical Research
On the basis of results from phase 1, it should be
possible to indicate the research priorities for the
major farming systems in each ecological zone
with respect to both sorghum improvement and
agronomy.
SORGHUM IMPROVEMENT. Several possible breed-
ing goals suggest themselves to meet the diversi-
ty of sorghum growing conditions in West Africa.
These strategies include the following activities.
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Phase 1 : Ident i f icat ion
and Evaluat ion
chance" crop where earlier plantings have
failed.
Initially, a major emphasis was placed on
varieties in the last two maturity groups. Sorghum
varieties VS-701 (EC 64734-2), VS-702 (ALAD
324). and VS-703 (2Kx-2Ex21) were extensively
tested. Though grain yields were superior, germi-
nation and emergence of VS-701 and VS-703
were unacceptably low under farmers' conditions
and VS-702 was found to be susceptible to leaf
diseases. In 1980. SPV-35 (105 days) and E-35-1
(120 days) were tested wi th more success.
Strategies for Sorghum
Improvement in West Africa
Basically this should provide the framework for
most of the subsequent research and testing
activities. Being the initial phase, its aim should be
to identify and characterize the major farming
systems of the region on the basis of:
a. ecological factors (rainfall and soils);
b. technical factors (crops; technological stage
of development);
c. socioeconomic factors (availability and cost
of production factors; small-farmer produc-
tion and consumption strategies; marketing
systems; government policies).
For comprehensive and integrated results this
part of the work should be done jointly by
socioeconomists and agronomists using informal-
type surveys (Byerlee et al. 1980; Bruce et al.
1980; Mclntire 1981) to obtain a qualitative
overview of the major systems followed up by
more intensive studies for a few contrasting
locations. The objective of these "baseline" sur-
veys would be to characterize farming systems in
areas not previously studied in detail (this may
include developing a typology of different types of
small farm groups) to identify their major con-
straints and to help define the conditions which
new varieties or technologies must satisfy for
farmer adoption.
During phase 1 it may also be possible to
extract useful varieties and technologies for im-
mediate transfer to another system (phase 3) or
for use in the technical research (phase 2), as
discussed in the following sections. Thus, during
the identification phase, efforts should be made to
collect and describe the local varieties for those
crops that will be used in crop improvement
programs in the subsequent technical phase.
a. Transfer of existing local varieties and tech-
niques either within or between zones in the
West African SAT. For this purpose the
collection of local sorghums should be
tested at several planting dates and at
several sites which cover the various ecolo-
gical zones. This extensive testing is re-
quired to identify specific adaptation, pest
and disease resistance, and yield stability
under late planting—characteristics which
could be useful in a future crossing program.
b. Breeding for resistances to yield-reducing
factors such as diseases (sooty stripe, He/-
minthosporium blight, grain mold, charcoal
rot), insect pests (shoot fly. midge, aphids).
and Striga, to improve yield stability of local
varieties. This strategy basically aims for a 
step-by-step approach starting from a low-
input agriculture, on low fertility soils (being
the common situation for most sorghum
fields).
c. Breeding hybrids and pure-line varieties for
high yields under high input and high man-
agement while screening advanced lines for
yields higher than locals even under low
input and traditional management. This
strategy is mainly based on the introduction
of exotics and screening the progeny from
exotic x local cultivars. These crosses have
received the most attention in the past few
decades, but have rarely been tested under
low management conditions and have as yet
made little impact in West African farmers'
fields.
d. Breeding for agronomic characteristics to
better fit improved varieties into existing
systems. Breeding goals may include:
—varieties with maturity cycles ranging
from very early photoperiod-insensitive
(100 days) to very late photoperiod-
sensitive materials (150 days);
—greater tillering in order to allow for a 
lower plant population or for compensa-
tion of plants lost in early droughts; and
—greater compatibility wi th intercrops, par-
ticularly cowpea, by changing plant struc-
ture (for instance plants wi th fewer and
narrower leaves).
AGRONOMY. For many situations in West Africa
various agronomic constraints appear to be more
serious than genetic limitations of local varieties
and will need more emphasis in the future if the
merits of improved varieties are to be fully
exploited.
Since commercial inputs are expensive and
often unavailable to most farmers, the major
agronomic strategy of ICRISAT in Upper Volta and
Mali has been to exploit to a maximum the
environmental factors (soil and rainfall) and biolo-
gical factors (cropping systems, rotations, and
plant types). Results of these efforts have been
presented in several papers (Stoop et al. 1980;
Stoop and van Staveren 1981). Two key agrono-
mic problems are common to many parts of West
Africa, and need special attention: maintenance of
soil fertility, and erosion control. The latter, espe-
cially, is connected with overextended farms and
the poor use of animal equipment (repeated
plowing and cropping of natural drains).
Phase 3: Preextension On-farm Studies
In many tropical countries there is a rather strict
separation between research and extension. As a 
result many scientists are not actively concerned
with the adoption of their improved varieties and
technologies by farmers, and thus remain una-
ware not only of farmers' constraints but also of
the possible shortcomings of their proposed
improvements. Likewise, the reasons for the
shortfall between yields realized on-station and
those under farmers' conditions are rarely critical-
ly analyzed (ICRISAT 1981). In response to this
situation many of the International Agricultural
Research Centers have started to promote on-
farm testing in their training (CIMMYT 1978) and
outreach programs.
On-farm testing must involve more than just
placing a number of plots in farmers' fields to
evaluate and demonstrate a new variety or techni-
que. Rather, one can distinguish between "on-
farm trials" and "farmers' tests". The former
consists of controlled experiments managed by
researchers but located on farmers' fields under
more representative soil, disease, and pest condi-
tions than on a research station. The latter,
"farmers' tests" , are not only situated on farmers'
land but are also managed by farmers who are
free to modify the recommendations. Such mod-
ifications may represent points of conflict wi th
other elements in the farmers' operations and, as
such, are analyzed as farmer-introduced treat-
ments. Intensive input-output data are collected
for the test results as well as for other fields of
participating farmers in order to place the test
524
results in the more comprehensive context of all
household farming activities.
Farmers' tests provide an insight on a range of
questions that concern the practical utility of new
varieties and technologies, as follows.
—What is the performance of a new technology
under a range of farmers' environmental and
management conditions?
—What factors operate under farmers' conditions
that are not seen in the research station?
—Are there conflicts in the quality, level, or timing
of resource use with farmers' capacity?
—What are the financial and economic returns
compared with alternate activities?
—Is the technology consistent wi th farmers'
consumption goals?
—What are the consequences of adoptions?
It is emphasized that the ultimate purpose of
such farmers' tests should be to feed back into
the technical research phase a better understand-
ing of the merits and limitations of the technolo-
gies under development. In this sense, farmers'
tests should not be viewed simply as final
preextension screening but as an integral part of
the technology development process itself. Like-
wise, farmers' tests may not always be an
essential requirement for extension as long as
satisfactory results of on-farm trials are available.
The farmers' testing phase described above
was introduced in the ICRISAT Upper Volta
program in 1980 wi th cooperation between sor-
ghum improvement, economics, and agronomy
programs. The white sorghum variety E - 3 5 - 1
was tested in two villages near Ouagadougou
against local varieties. Results of these tests
helped identify certain limitations of this variety
under farmers' management and led to modifica-
tions in research-station screening and selection
methods. The tests also helped identify condi-
tions in which the improved variety and recom-
mended practices were superior (Matlon 1981).
An expanded program of farmers' tests located
in several agro-climatic zones is being im-
plemented by ICRISAT/Upper Volta during the
1980s. These tests are being designed as a 
follow-up to village baseline studies already under
way. This program offers an opportunity for
collaboration between several disciplines at the
farm level to help define research objectives,
thereby reducing the time necessary to arrive at
improved technologies truly adapted to the needs
of the West African farmer.
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Grain Postharvest Technology
for Developing Countries
Do Sup Chung and C. W. Deyoe*
In the past two decades, considerable emphasis
has been placed on increasing production of
cereal food grains to meet the needs of the
world's growing population. Success has been
achieved in several parts of the world, as evi-
denced by the "Green Revolution". However, in
other regions the rate of grain production increase
has not kept up wi th the rate of population
increase.
In 1977 the total worldwide production of grains
was estimated to be 1.46 billion metric tons. If a 
world population of 4.4 billions and per capita
need of food grain of 200 kg are assumed, more
than enough grains are produced to feed the
world population. However, there is a problem of
highly unequal distribution of grain supplies. Fur-
thermore, considerable amounts of grain pro-
duced are used for feeding animals and other
industrial purposes, and do not reach the con-
sumers.
Postharvest grain losses (physical or weight)
are estimated at anywhere from 5 to 4 0 % for
many of the developing countries. At best, these
figures are rough estimates, and in only a few
cases are documented studies available to show
actual measured losses. In addition to the quantity
of grain lost, it is believed that considerable grain
quality loss is experienced in developing coun-
tries. This is of vital importance to subsistence-
level families because their daily nutritional re-
quirements are extracted mainly from cerea
grains.
Grain lost after it has been harvested not only
loses the monetary value of grain and the availabil-
ity of food supply, but also the inputs and efforts
that have gone into growing the grain. Some loss
is undoubtedly inevitable but there is much that
* Food and Grain Institute, Kansas State University,
Manhattan, Kansas, USA.
International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings
Symposium on Sorghum, 2-7 Nov 81, Patancheru. A.P., India. Patancheru, A.P. India: ICRISAT.
of the International
can be done to preserve the valuable food grains
that are produced. Unfortunately, in many cases
where production has increased through proper
uses of improved seeds, fertilizers, water, and
chemical pest control measures, we have not had
the foresight to plan ahead and provide proper and
adequate grain storage facilities, grain marketing
systems, and other infrastructures to preserve the
quantity and quality of food grains so that produc-
ers and consumers alike are benefited.
Let us briefly examine the magnitude of grain
loss experienced annually in the world. Based on
the FAO estimate of a 10% annual harvest loss,
and the total grain production in 1977. approxi-
mately 146 million metric tons of grain are lost.
This loss would have fed about 730 million people
or would translate into the loss of about 30 billion
dollars (based on the average price of $ 200/ton).
The postharvest grain loss should be a more vital
concern in developing countries where the
domestic demand for food grains outstrips
domestic production because the increased food
grain imports put a tremendous strain on the
foreign exchange reserve.
In developing countries, most of the farmers
are at the subsistence level and their land holdings
are very small. Quantities of grains held on the
farms generally range from 70 to 90% of their
total production, and only 1 0 - 3 0 % of the grains
produced leave the farms for domestic grain
marketing channels. Current grain handling, stor-
age and drying methods and facilities employed
on farms in developing countries are quite inade-
quate for the proper preservation of grain.
Despite these facts, little attention is given to
the improvement of on-farm postharvest grain
systems in developing countries. It is indeed
ironic that sums of money are spent on increasing
production only to lose a substantial amount of
the grains produced.
Therefore, it should be recognized that im-
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Postharvest Grain Systems
Grain produced f lows in a multitude of paths from
producer to consumer in developing countries.
Figure 1 illustrates the complexities that may be
encountered in this flow. No two countries seem
to have the same marketing patterns or networks.
Whatever pathway grain takes from producer to
consumer, the following functional elements are
involved in postharvest grain systems: harvesting,
threshing, cleaning, drying, storage, handling,
transportation, grading, marketing, processing,
and utilization.
Each functional element includes a physical
facility, its operation and management, and grain
management. Postharvest grain systems can be
divided into three subsystems: (a) the farms,
(b) the commercial operations, and (c) the govern-
ment operations.
In developing countries, grain quantities held on
the farm generally range from 70 to 9 0 % of the
total production. There are of course exceptions.
However, the general rule is for the major portion
of the grain produced in developing countries to
be stored on farms. Grain crops are harvested and
threshed almost always by hand except for a very
few commercial and experimental farms. All crops
harvested are, in most cases, dried by a natural,
sun drying method and stored on the farms at
some time, whether they are destined eventually
for sales or for on-farm consumption.
The storage period of grains intended for sales
may vary from a day to a few months but in many
cases the farmer sells his crops at the t ime of
harvest. It appears that the main factors influenc-
ing the decision on how much to keep and how
much and when to sell are:
1. The amount of the total crop harvested.
2. Availability of alternatives for on-farm con-
sumption.
3. Storage capacity.
4. Cash commitments (debts, supply of goods,
etc.)
5. Availability of t ime and labor at harvest period.
6. Availability of transportation.
7. Weather conditions.
8. Prices.
Grains are stored on the farm in various forms
of storage generally for periods up to 10 months.
The different types and sizes of traditional storage
units are constructed from locally available mate-
rials such as mud and plant materials. On very rare
occasions nontraditional materials for a grain
storage such as metal, concrete and brick are
used. In many of the developing countries bags of
cereal grains are stored within human dwelling. In
many countries in Africa small quantities of grain
may be stored in dried gourds or other small
containers. Sorghum and millet in head are
stacked on platforms and covered wi th thatch to
ward off rain. The size of farm storage units in
developing countries would range from a few
hundred kg to a few tonnes. At any rate, farm
storage in most of the developing countries
leaves grain supplies vulnerable to insects, ro-
dents, birds, and to deterioration due to molds
(high temperature and humidity regions).
Research is under way in some areas to
develop improved storage facilities for farm use.
One of the main weaknesses in developing new
types of storage facilities for farm use in develop-
ing countries has been the lack of socioeconomic
considerations. Can the farmer afford to build an
improved storage unit and is he willing to adapt it?
With a high cost of improved storage and the
absence of reasonable access to market by the
farmer, he may perhaps be better off to absorb
the losses he experiences rather than to invest in
improved storage.
Although there is often an expressed interest,
on the part of governments, in the need for
improved farm storage, it has become apparent
that the major emphasis is usually directed from
elsewhere. Most of the studies on farm storage
have been conducted and/or financed by multila-
teral international organizations. Some studies
have been conducted by individual countries, but
such studies are exceptions rather than the rule.
In developing countries, removal of excess
moisture from crops is normally carried out by sun
and wind drying. If poor climatic conditions (high
humidity and rainfall) following harvest make this
operation impossible or extend the drying period,
quality and quantity loss may be high and rapid. In
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Status and Problems
of Grain Storage
and Drying at Farm Level
proved postharvest grain systems are a vital need
in the developing countries.
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most developing countries, farmers are forced to
sell their crops at the time of harvest because
they lack the facilities for drying and storage.
Sorghum and millet in head are usually dried on
platforms of various sizes supported by a wooden
framework raised 3 - 4 feet off the ground, wi th
heads piled to various depths. Rough rice and
other threshed crops are spread on the mat for
sun drying. The drying methods used on the farm
in developing countries are, in general, unsound
except for economic consideration. Considerable
quantities of grains can be saved and preserved if
a simple, economic drying method is available
when sun drying cannot be accomplished.
The main causes of grain damage and losses
are the improper and inadequate grain handling,
drying, and storage methods employed on the
farms. Reduction of losses through improved
facilities has been used as justification for the new
facilities. However, new facilities in themselves
will not prevent losses. An equally important
aspect of safe grain storage is to employ good
management practices. These include examining
grains periodically for signs of heating, insects,
mold, and rodents; good housekeeping and sanita-
tion in and around the premises; cleaning of grain;
maintaining uniform moisture of grain; and che-
mical pest control measures. However, such
practices are not well followed on farms because
of a lack of understanding of grain storage
fundamentals by farmers. On very rare occasions,
chemical pest control measures are used. Other
pest control measures used occasionally by far-
mers include ashes, smoke from cooking fires, rat
guards made of tin cans, and cats for rodent
control. In spite of the fact that grains are stored
under adverse conditions for proper grain preser-
vation, individual farmers in developing countries
are taking reasonably good care of grain during
storage because they need this food supply until
the next harvest.
In addition to the problems mentioned above,
the first links in the movement of grain off the
farm into major marketing channels, "first collec-
tion points", are often missing in developing
countries. The existence of poor postharvest grain
facilities at the farm level is perhaps not the main
drawback, but rather the lack of development of a 
marketing system, i.e., roads, transport facilities
grading systems, market news, etc. Other prob-
lems that exist in developing countries are the
lack of technical personnel familiar w i th posthar-
vest grain technology, and the very sporadic
existence of government organizations or other
institutions responsible for the development of
improved on-farm postharvest systems.
With a very few exceptions, there exist virtually
no formal programs or concerted efforts by
governments of the developing countries for
developing improved postharvest grain systems.
However, it is encouraging to note the recent
establishment of the Southeast Asia Cooperative
Postharvest Research and Development Program
(SEARCA) by the five ASEAN countries. This
program is administered by high level administra-
tors from each of the five countries and is
responsible for formulating improved postharvest
grain systems for Southeast Asia. The SEARCA
technical team is supported by various donor
agencies (i.e., IDRC, USAID, RTI, CSIRO. etc.).
In addition, there exists the Group for Assist-
ance on Systems relating to Grain After Harvest
(GASGA). GASGA members are:
The Food and Agriculture Organization, UN
(FAO).
L' Institute de Recherches Agronomiques Tropi-
cales, France (IRAT).
The International Development Research Cen-
tre, Canada (IDRC).
The Food and Feed Grain Institute, Kansas
State University, USA (FFGI).
The Tropical Products Institute, England (TPI).
International Institute of Tropical Agriculture,
Nigeria (IITA).
Deutsche Gesellschaft fur Technische Zusam-
menarbeit, Germany (GTZ).
Koninklijk Institute voor de Tropen, Netherlands
(RTI).
Commonwealth Scientific and Industrial Re-
search Organization, Australia (CSIRO).
Each GASGA member institution is actively
involved in technical training and conferences, and
appropriate technology development for posthar-
vest grain systems in developing countries. Under
a cooperative agreement between the Food and
Feed Grain Institute, FFGI, Kansas State Universi-
ty, and USAID/Washington, FFGI has been pro-
viding technical assistance on grain storage,
drying, processing, marketing, and agri-business
development for many developing countries.
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Suggestions and
Recommendat ions
Interest and concern for these postharvest prob-
lems have arisen only in recent years. While many
countries have not yet recognized the importance
of improving the postharvest grain system for
reducing grain loss and improving the efficiency of
operations, international agencies and organiza-
tions are becoming increasingly aware of this
problem. Possibly the strongest support for a 
coordinated postharvest program came from the
Jnited Nations Resolution of September 1975,
calling for a 5 0 % reduction in postharvest food
losses by 1985, and the cooperation of all coun-
tries in attaining this objective. Recognition of its
importance alone is not enough; rather, there
should be a strong and long-term commitment by
the governments with sufficient allocation of
resources and concrete efforts through coopera-
tion, coordination and communication by many
concerned groups (i.e., government, scientific
community, private sector, producers, internation-
al agencies, etc.), in order to have successful
postharvest grain technology programs.
The following suggestions and recommenda-
tions for improving the postharvest grain systems
in developing countries are given, based on our
observations in many developing countries and on
the paper, "Priorities for Action in Grain Posthar-
vest Loss Reduction" prepared by GASGA mem-
bers, (FAO, IRAT, IDRC, KSU and TPI):
1 . Inst i tut ional D e v e l o p m e n t
As mentioned in the preceding section, in general
the governmental organization solely responsible
for improved grain postharvest systems in the
developing countries is virtually nonexistent. It is
important that all postharvest planning and activity
should be closely integrated and coordinated.
Therefore, it is suggested that a postharvest
division or section be established within the
ministry of agriculture.
A technical support unit is also essential to the
planners in postharvest systems. Such a unit will
require a cadre of special staff experienced in
postharvest technology, marketing, training and
extension. Adaptive research and training prog-
rams are also essential for the development of
improved postharvest systems in the developing
countries. These can be best achieved through
the establishment of a postharvest research and
training center attached to an agricultural college
or the ministry of agriculture. While the above
technical support unit can be initiated with the
assistance of donor agencies and foreign experts,
it should, as soon as possible, be staffed at all
levels by local personnel and be financed from
local funds. In this way, continuity of effort and
local experience can be obtained for the backup of
the long-term plans and programs.
2. Training
The unavailability of adequately trained and experi-
enced manpower is one of the major constraints
in developing improved grain postharvest sys-
tems in developing countries. The development of
well trained individuals for grain postharvest areas
is a complex and time-consuming process. It will
require many years before well trained teams of
agronomists, entomologists, economists, en-
gineers, agricultural chemists, microbiologists,
food technologists, nutritionists and extension
workers are available to provide the coordinated
leadership necessary to improve grain posthar-
vest systems in developing countries. Foreign
advisors can assist concerned nationals to start
the training program, but in the long run only
competent professionals from the country itself,
who know its environment, history, traditions and
values, will be able to develop and maintain the
programs.
There is a basic need for training programs in
postharvest technology directed toward farmers'
training institutes, extension services, and agricul-
tural colleges. Graduate-level training in the grain
postharvest technology is necessary for the
establishment of a cadre of professional staff.
Perhaps, the greatest need is the establishment
of in-country training aimed at the lower groups of
staff of government agencies, inspection and pest
control services, extension services, etc.
Many donor agencies are active in providing
training for graduate and senior level staff in
technical institutions in their own countries and in
assisting in-country training programs. Research
and training institutes in both developed and
developing countries must cooperate to devise
better and faster methods of delivering the
required training to the developing countries.
3. Adaptive Research and Development
From the preceding section, it is evident that the
adaptation, development, and transfer of technolo-
gies for the improvement of current grain handling,
drying, storage, and processing practices in the
developing countries are definitely needed.
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The first concern of research and development
programs should be the utilization of the present
knowledge in the location. The next requirement
is for research into specific local problems which
are not answered elsewhere. It is essential to
establish a balanced research program to provide
a base for short-term research and an adequate
research environment to train local graduates and
technicians. Eventually persons best equipped to
solve the problems, for example, in India are the
Indians. Each country's problems are separate
and distinct and even though the basic technical
aspects of the grain postharvest systems are the
same in each of the countries, there are definite
values in solving one's own problems. Also, the
importance of establishing and maintaining a 
positive link between research and extension
efforts should be recognized, and close coopera-
tion and communication between international
research organizations and/or technical universi-
ties in the developed countries, and the research
organizations in the developing countries, should
be actively sought.
Any developments in grain postharvest technol-
ogy should not only be technically sound but also
socially and economically sound so that they can
easily be adapted in a given developing country. A 
few priority areas for research activity are outlined
below:
• Extensive surveys on grain quality and quantity
losses under various traditional grain storage
methods on farms wi th a standardized loss
assessment methodology.
• Investigation to improve best types of current
traditional storage facilities and methods.
• Investigation to develop a simple and effective
nontraditional type of storage facility by consid-
ering climate, locally available materials, type of
storage, level of technology, etc.
• Investigation to develop drying systems that
wil l be suitable for the subsistence level
farmers. Special consideration should be given
to the reduction of energy costs, by improving
thermal efficiency of dryers or by research into
new sources of energy. Efforts should be
made, in particular, to maximize the use of
agricultural by-products such as straw, chaff,
husks, etc.
• Investigation to develop effective pest control
methods.
• Investigation to develop small threshers which
can be carried from farm to farm or to the field,
and can thresh efficiently under normal local
conditions.
• Investigation to develop small cleaners which
can clean grains efficiently under normal local
conditions.
• Investigation to develop a simple and inexpen-
sive method to determine grain moisture con-
tent with reasonable accuracy and precision.
• Investigation to develop a simple grain grading
method.
• Investigation to improve nutritional levels in
rural areas.
• Investigation to improve cereal processing
methods and equipment, adaptable to present
technology and social patterns.
• Investigation to develop agribusiness firms or
agricultural processing industries near the rural
area (e.g., grain processing, feed mills, rice
mills, agricultural implement manufacturing
firms, agricultural supplies and service shops,
etc.).
• Investigation of the design and location of
suitable grain collection stations that will allow
farmers reasonable access to the markets.
4. Extension
Shortage of extension staff in the developing
countries is another constraint in the establish-
ment of improved grain postharvest systems.
Existing agricultural extension services are almost
entirely directed to problems of production. Most
personnel employed in extension services have
little knowledge of the grain postharvest field.
Therefore, it seems essential that training in
postharvest technology should be given to those
extension workers who are in direct contact wi th
farmers.
Finally it is hoped that the importance of
improved grain postharvest systems is recog-
nized. The improvement of grain postharvesting
systems in developing countries is considered to
be an integral part of the overall improvement of
sorghum in the eighties.
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Session 6 Production Technolgoy
R. V. V idyabhushanam* Discussant—1
Cropping Systems
In traditional dryland agriculture, the practice of
mixed cropping is extensively followed and serves
to cover risk against unpredictable seasonal condi-
tions. The cultivation of early maturing high
yielding hybrids and varieties of sorghum was
found to reduce vulnerability to adverse seasonal
conditions thereby leading to stable and higher
productivity. In this context, the cropping systems
evolved should be able to (a) furnish better risk
cover in subnormal years and greater profitability
in normal years, (b) enrich cereal diets and soil
fertility through incorporation of legumes in the
system, and (c) improve land-use efficiency and
increase overall productivity.
Evolving appropriate cropping systems for inter
and sequence cropping situations suited for the
short and early maturing genotypes has been an
integral part of the strategy for enhancing produc-
tion and productivity of sorghum lands in India. To
* Project Coordinator (Sorghum), All India Coordinated
Sorghum Improvement Project, Hyderabad. A.P.,
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this effect, a large number of studies have been
carried out during the past decade in the All India
Coordinated Sorghum Improvement Project and
the All India Coordinated Research Project on
Dryland Agriculture. The results from these stu-
dies clearly demonstrated the profitability of the
sorghum based intercropping systems with diffe-
rent legumes (pigeonpea, cowpea, greengram,
groundnut, soybean, etc). In terms of monetary
returns, the increase ranged from 10 to 50% of
the sole crop depending upon the location and the
intercrop. The sorghum-pigeonpea system was
found to be the most profitable combination.
Dr. Willey and his colleagues in their paper on
sorghum-based cropping systems have skilfully
reviewed the work done in various countries. It is
evident from their review that opportunities for
utilizing sorghum in various cropping systems are
indeed unlimited. Besides yield advantage, sever-
al other benefits from intercropping have been
listed. For India, the inclusion of food legumes or
oilseed crops in the cropping systems with
sorghum is extremely important in view of the
acute deficit the country is facing for pulses and
edible oils. Apart from increasing the production
of these scarce commodities, the beneficial
effects of nitrogen fixation by legumes is also an
important consideration. It is, however, significant
to note that substantial benefits of nitrogen
fixation by groundnut could not be observed from
ICRISAT studies. It is suggested that detailed
studies be undertaken to quantify the beneficial
effects of nitrogen fixation from various sorghum-
legume combinations. The possibility of sorghum-
chickpea intercropping in the postmonsoon (rabi) 
season deserves to be further explored.
The finding that in a high rainfall, deep Vertisol
situation like Indore, the probabilty of taking a 
successful second sequence crop is only 27%, is
revealing. The reason attributed for this low
probability is the nonavailability of adequate soil
moisture in the surface layers. This aspect needs
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Sorghum, especially in the traditional areas of Asia
and Africa, is usually grown in harsh environ-
ments. The level of management in traditional
dryland subsistence agriculture in these countries
is poor. In recent years, considerable emphasis is
being given in several of the developing countries
to evolve superior genotypes capable of giving
high yields. This is quite important in India which
has the largest area sown to sorghum in the
world. The attempt has been total transformation
to stable and high levels of production. This
necessitates evolving new production technology
capable of realizing the full yield potential from
new genotypes.
to be investigated further to devise some tillage
methods to conserve the moisture in the surface
layers, because there is a vast potential for a 
second crop in this area if short-duration sorghum
hybrids are eventually cutivated on a large scale.
Opportunities for taking a ratoon crop exists
now wi th the introduction of short-duration,
photoperiod-insensitive hybrids. Slow senesc-
ence and quick regeneration are the advantages
of these hybrids. The observation that ratoon
crops yield only about half of the planted crop is
applicable to situations where moisture is limiting.
Under adequate moisture situations or where one
or two supplementary irrigations can be provided,
yield comparable wi th the seed planted crop can
be realized.
The suggestion made in the paper that genoty-
pes suitable for intercropping be identified or
bred, taking into consideration the desirable plant
characters, is very appropriate. This applies to
both sorghum as well as to the intercrop.
Seed Production
Seed production is the crucial link in crop improve-
ment programs through which superior genoty-
pes developed by the plant breeders reach the
farmers. The main purpose of the seed industry is
to generate adequate quantities of good quality
seed of high yielding hybrids and varieties.
Dr. Chopra in his paper presented a compara-
tive account of seed production aspects in de-
veloped and developing countries and posed
some of the problems faced by the seed growers
in the developing countries regarding sorghum
seed production. I wish to highlight some of the
important features of the organizational system
and growth of the seed industry in India.
An organized seed industry on commercial lines
came into existence in the mid-sixties wi th the
release of hybrids of sorghum, maize, and pearl
millet. At present, India has the largest seed
industry in the developing world. Indeed the
growth of the commercial seed industry in the
country is phenomenal. Seed is produced and
distributed both by public and private agencies
and a healthy competition exists between them,
which is ideal for the rapid growth of the industry.
The estimated annual production of certified seed
of sorghum hybrids is of the order of 12 000
metric tons.
Seed production wi th sorghum hybrids is con-
centrated in some favorable areas along wi th
some other isolated pockets, mainly in the penin-
sular region of the country. Seed production is
being taken up both under rainfed conditions in
the monsoon season and wi th irrigation in the
winter-summer seasons. Several thousand small
and big seed growers are involved in the produc-
tion of hybrid seed. By and large, they are
receptive, and acquire the necessary technical
skill, to carry out seed production programs
effectively.
A number of problems are encountered in the
production of hybrid seed some of which have
been referred to by Dr. Chopra. They include the
adequate and timely supply of breeder's and
foundation seed, nicking and low germination
problems in some hybrids, and matters associ-
ated wi th seed certification regarding isolation,
etc.
At present, the situation on production and the
timely supply of breeder's and foundation seed is
somewhat critical due mainly to the frequent
failures to obtain expected yields in the seed
plots. To overcome this difficulty, the suggestion
made by Dr. Chopra to create buffer stock of
breeder's seed to last for 3 - 4 years is very
relevant. As regards foundation seed, two impor-
tant decisions taken recently by the Government
of India would go a long way towards eliminating
these shortages. The first relates to the removal
of restrictions to organize foundation seed prog-
rams by the private seed companies to meet their
own requirements, and the second is to permit
stage II multiplication of foundation seed.
The problem of nicking in the production of
certified hybrid seed is bound to exist because
production is attempted in variable seasons and
climatic conditions. While it is possible to over-
come this problem under irrigated conditions by
staggered plantings and agronomic manipula-
tions, such alternatives are not possible in rainfed
situations. In the irrigated fields, seedlings are
raised in nurseries and transplanted at an appropri-
ate time. This has proved to be highly successful
in the case of the CSH-5 hybrid where there is a 
major nicking problem. This procedure has other
advantages such as a lower seed rate, better
shoot fly control, and more uniformity of crop
stand and expression.
The problem of grain mold is rather acute in
many seed production areas due to the preva-
lence of humid conditions. They frequently reduce
the germination of seed rendering it unfit for
534
certification. Fugicidal spray schedules have been
found to be very effective in minimizing the
problem of lower germination.
A lot more work still needs to be done in the
area of seed technology to make seed production
a more attractive proposition. The success and
popularity of a hybrid depends as much on its yield
potential as on the easy producibility of seed. It
should be the constant endeavor of plant breeders
to develop hybrids that have minimum seed
production problems.
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L R. House* Discussant—2
An important use of sorghum is as an intercrop.
There are numerous combinations: sorghum in
maize in Central America, sorghum in cowpeas in
Brazil, sorghum in millet in West Africa, and
sorghum in pigeonpea in India, serve as exam-
ples. Beside space relationships there is concern
about modification of the plants themselves,
usually in terms of plant height and maturity. This
is a debated issue; an example will help. There is
a situation in India where there is interest in the
dry sowing of sorghum and pigeonpea before the
monsoon rains. It is valuable if the sorghum crop
can be harvested in mid September as the
pigeonpeas begin to expand; however this is a 
period of expected rainfall resulting in the weath-
ering of the sorghum grain. It may be possible to
use a later-maturing type with erect leaves and/or
long internodes between uppermost leaves to
reduce competition with the pigeonpeas.
There is concern both for the poor farmer of
limited means and in producing adequate food to
meet demands. The concept of a two-pronged
thrust directed at a rapid increase in production in
areas of less moisture stress while contributing to
improved production capability of the poor farmer
in climatically harsher areas was mentioned and is
of interest at ICRISAT. In addition, the concern for
increased production in already highly developed
agricultural situations was recognized and is
important to our concern about availability of
adequate quantities of food.
I have been impressed by the precision of
sowing gained wi th some tractor-mounted plan-
ters and the resultant effect on stand. This heavy
equipment moves the soil rather than being
moved by the soil; so, for example, seeds can be
placed at a desired depth, seed, fertilizer, soil
insecticides, and herbicides can be placed pre-
* Principal Plant Breeder and Leader, Sorghum Program,
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cisely and uniformly, and uniform interrow spac-
ing permits easy cultivation. It would seem that
some concepts from this kind of tractor-drawn
equipment could be adopted to simple animal-
drawn tools. The addition of simple guage wheels
to control depth of sowing, rolling disc planter
shoes to slice rather than drag through the soil,
some form of press wheels to firm soil around the
seed; guide discs to reduce side slip, and a 
marker to better judge interrow distance may be
adopted to existing farmer equipment. The value
of animal-drawn tool carriers is recognized and
their effective use demonstrated. A closer look at
the possibility of improving yet simpler equipment
is questioned.
Weed control is undertaken in many areas by
hand pulling or the use of a simple hand tool. An
improvement in methods of weed control would
permit more timely weeding at lower costs.
Weeds can be a major constraint to production
and their control deserves more attention, particu-
larly in the developing countries.
The concept of minimum tillage has evolved in
developed countries. A problem has been slower
warming of the soil following the cold winter,
there being as much as 5°C difference between
fully tilled and minimum tilled fields. This may be
of interest in tropical areas where soils are
frequently very hot at the time of sowing. This is
an aspect of the general problem of stand
establishment, the concern for which has been
mentioned.
The idea of using sorghum to conserve water
for irrigation in areas where the water table is not
being adequately recharged is interesting. The
concept of protective irrigation in India developed
years ago. The concept of sorghum as a water
efficient plant could be important in a range of
situations where water availability is limited.
Effective policies to help ensure water use in this
way are important to this consideration.
The importance of biological nitrogen, and
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cautions in its promise, have been mentioned.
Surely, this will be an interesting and important
research area in the 1980s.
At this symposium we have been primarily
concerned about food. Farmers in India using high
yielding hybrids have found the processing of
stover into hay different and more complex than
with traditional varieties. There is an opportunity
to improve the value of sorghum stover as hay as
part of our research. This could involve nutritional
improvement of the plant as well as processing
procedures.
The concept of improved mechanization of
farming displacing some farm labor but resulting
in an increase in job opportunity is valuable. So
frequently there is concern about techniques that
displace labor. This concept of labor-saving and
labor-efficient devices should not be overlooked in
a transitional situation that could finally lead to
increased job opportunity.
The importance of crop management on experi-
ment stations has been mentioned. The import-
ance of this is obvious but frequently overlooked.
Many well trained scientists fail to have satisfac-
tory conditions of field research.
Important to concepts of crop management are
those of pest management. Early sowing of
sorghum in the monsoon season in India wil l avoid
the shoot fly; large area sowing of varieties wi th
the same maturity at the same t ime has been
demonstrated to assist in control of the midge;
and modification of crop maturity and date of
sowing may help to avoid crop depredation by
birds. The destruction of crop residue to remove
the carry-over of stem borer is another among the
numerous possible examples. The considerations
of interaction of crop management on pest control
should be included in crop production research
activities. It may also be valuable in areas where
midge is known to be a problem to encourage
large area planting of earlier varieties and hybrids
at the t ime of release.
Extension services are frequently condemned
for lack of effectiveness; less often is the ques-
tion asked about developments from research
that are useful to extend. The use of animal-drawn
machinery in southern Mali, and of seeds of
high-yielding varieties and hybrids in India over the
last 15 years are examples of a response by
farmers to something of value to them. In both
situations an entreprenurial group in the farming
community comes forward and in fact creates
demand for an even greater input—such as the
use of tractors in southern Mali. That farmers in
traditional situations wil l effectively respond to
new technology useful to them as well as apply
pressure on government for a change in policy
and availability of inputs needs to be more widely
recognized and understood.
The argument that the development in southern
Mali rests on the production of cotton, a cash
crop, is relevant in that it provided a basis to
generate income. It is significant that farmers in
the project area also used their equipment and
better management procedures to improve sor-
ghum yields. In fact, the project targets three
times the area in cereals as compared wi th
cotton. It is likely that with suitable crop technolo-
gy in better watered areas such as southern Mali,
yield returns from cereals can be sufficient to
cause the same changes as those catalyzed by
cotton. The concept of a quantum increase in yield
is recognized as one possible way to generate
change.
Where does the farmer turn for help? What can
the extension man or researcher tell a man
farming a low-lying waterlogged area when there
is no community system for drainage? New
machinery can be developed but who produces it
and who ensures quality standards? Some such
activities are extension oriented, some are project
oriented, and some require government regula-
tion. The question of where the farmer can turn
for effective technical information and support is
an important question for the eighties.
The concept of quality seed as an important
component of developed agriculture is recognized
but all too frequently without adequate conviction.
This can in part arise from a frustration in the
absence of the ramifying infrastructure required.
The largest most successful seed enterprises in
the world exist where competition and profit
incentive are important motivating forces. Govern-
ments interact to maintain some regulation of
companies but they are not involved in competi-
tive seed production and marketing activities.
There are currently countries where superiority of
sorghum hybrids has been demonstrated and
these are likely to increase in the 1980s. Opportu-
nities for private company operation varies but of
basic importance is a conscientious study by
governments into ways of efficiently producing
and marketing quality seed. Independence of the
seed production and quality control aspects is
important. The role of quality control, research,
and extension as functions of government and of
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seed production by autonomous independent
agencies requires consideration. Regional market-
ing of hybrid seed may well be a viable alternative,
particularly in parts of Africa.
A seed industry has developed in India over the
last 20 years—this system warrants careful
study. A problem has been inadequate quantities
of hybrid seed. Aside from policy issues important
to this problem, are the constraints in the actual
production of seed. If it is difficult to achieve nick
(the simultaneous flowering of both parents) in
the production field, seed yields are low. The
problems contributing to nick can be solved but
this requires time, delaying availability of adequate
seed stocks of new hybrids, and smaller produc-
ers may not attempt the production of seed of
hybrids where nick is a problem. As production of
hybrid seed begins in a country, particular care
should be taken to ensure easy production over
many possible areas suitable for this activity. It is
not unrealistic to insist on a test demonstrating
produceability as a criterion for release. At ICRI-
SAT, as we develop new A-lines we are selecting
sister A - B lines that range in maturity by as much
as 10 days. The idea is to increase option in the
A-line to match flowering wi th an R-line in
production fields. Other techniques can be de-
veloped to improve nick in hybrid seed production
fields and these developments should be encour-
aged.
Maintenance of type is a matter of concern.
Breeders developing new hybrids should accept
the responsibility of insuring type in nuclear seed
and breeder's seed. Without this, the hope of
maintaining type in foundation and commercial
production fields is poor. Certification, and a 
vigorous determination to maintain certification
standards at all stages of seed development, will
contribute to the quality of seed that the farmer
buys.
The importance in a country, where there is
interest in hybrids, in recognizing major differ-
ences in production and marketing of hybrid vs
variety seeds cannot be overemphasized. The
production of hybrid seed offers a valuable oppor-
tunity for quality control and for extension in
encouraging better farming practices. The suc-
cess or failure to make an impact with hybrid seed
depends on the program evolved. At a minimum a 
country should take the time to study carefully the
seed industry where it is established and to
modify and adapt concepts to local conditions.
The issue of technical assistance in establishing
a seed industry is important—where do people
go for help and expertise? A careful look at some
of the functions of the National Seeds Corporation
in India is worthwhile.
The issue of postharvest technology has been
considered from modification of traditional means
to rather sophisticated systems. The need to be
aware of and to respond to changes due to
increased urbanization in the 1980s as related to
seed processing, storage, transport, and market-
ing requires our attention.
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Discussion
Norman
ICRISAT is to be congratulated for taking a 
leadership role in intercropping work thereby
helping to make research in this area a respect-
able occupation for scientists. Dr. Willey has
clearly shown the possible advantages of inter-
cropping in increasing land productivity. Have
you looked at the potential of intercropping to
increase the productivity of labor at critical
bottleneck periods? In West Africa, intercropping
is commonly practiced by farmers with labor
rather than land limitations. Productivity of their
labor input during the critical weeding period is
increased by growing crops in mixtures rather
than as sole stands. (Factors contributing to this
are increments in gross yield per hectare through
growing the crops together, i.e., LER 1—and
higher stands per ha—i.e., millet plus sorghum
compared with millet or sorghum sole crops
—which may reduce weed problems). The
potential for improved techniques for intercrops
in labor scarce areas, particularly for farmers
using hand tools, is great. This is especially the
case when yields of improved technologies for
sole sorghum are not spectacular thereby often
resulting in a decrease in the return per unit of
labor input during the critical period compared
with the traditional sorghum technology. A com-
plementary intercrop would in such interaction
help increase the return per unit area and per unit
of labor thereby helping the adoption of im-
proved yield-increasing sorghum technologies in
labor scarce areas. This has in fact happened in
parts of northern Nigeria where long cycle
SK5912 sorghum is often grown by farmers in
mixtures wi th short cycle traditional millet. In-
cidentally some of Andrew's work indicates that
animal traction is possible with intercrops. In
order to get the labor factor into designing and
analyzing improved technological packages, it is
necessary to pay increasing attention to work at
the farm level.
productivity per unit of labor input, though we
are aware of your work on this aspect. As with
any cropping system, it is obviously logical and
useful to examine productivity against any re-
source that is particularly limiting. For most
operations (e.g., cultivations) labor inputs are
unlikely to be greater for one hectare of inter-
cropping than for one hectare of sole cropping,
and for important weeding operations they can
be less. The higher productivity per unit area
from intercropping will thus often give higher
productivity per unit of labor input.
House
In terms of yield, varieties developed at ICRISAT
Center have not really contributed as compared
to locals when both are grown on farmers' fields
in drought prone areas of West Africa. We are
making an effort to use heterosis in order to
obtain an increase in yields. There is interest in
hybrids but the available information suggests
that in dry areas this is not an easy job. We are
looking at the possibility of sorghum synthetics.
The West African types are very open-headed
and natural outcrossing may be sufficient. Bhola
Nath at ICRISAT is beginning to use ms3 and ms,
to build a composite that a farmer can use
with the sterility remaining in the population. We
are also interested in what opportunities may
come from apomixis.
Balasubramanian
Dr. Willey made an interesting observation that
nitrogen fixation of groundnut in intercropping
with sorghum was reduced. Was it due to
reduction in plant size or due to fewer nodules?
Willey
Plant size, nodule number, nodule weight, and
fixation rate can all be reduced in intercropping
but the point I was making was that our
microbiologists have found that even where
plant size is not reduced, fixation rate often is.
Current evidence is that fixation is preferentially
541
Willey
We have not specifically looked at intercropping
reduced because of shading compared wi th
normal physiological processes.
Niangando Oumar
In our experiments on sorghum-millet intercrop-
ping with cowpea, an absence of grain produc-
tion from cowpea was observed. Have you
noticed a similar phenomenon during your re-
search. Is it a varietal or physiological question?
Willey
This is not a problem we have observed here so I 
cannot comment, though I know this can be a 
problem with cowpea under dense cereal stands
in West Africa.
El Mohamane
The seed is the input by which, at present, the
small farmer can benefit from the scientific
advancement at the least cost. Unfortunately
many farmers are still expecting seeds of high
yielding varieties. This is because the breeders
do not see to the outcome of the varieties they
have developed, and improve them as much as
possible on the fields. What is urgently required
is that the breeders follow up the varieties to the
farmer's level to give him all the guarantee that
he needs.
Ryan
I raise this more as a puzzle to think over rather
than a question. Why do many farmers in India
shift from intercropping to sole cropping when
they adopt high yielding varieties of sorghum?
Perhaps it is to take advantage of sequential crop
opportunities that shorter duration high yielding
crops allow on deep Vertisols. Perhaps exten-
sion services are not used to extending intercrop
technologies which Dr. Willey's work suggests
have economic superiority over sole crop.
Willey
Whatever may be the reasons, intercropping
does not eliminate advantages wi th high yielding
cultivars. One other factor that further compli-
cates is that in India hybrids are often associated
wi th high inputs, and there is a belief that under
high inputs use, intercropping does not give
worthwhile advantages. There are many studies
on this in recent years, it is true that the relative
advantage may be less wi th higher inputs. If one
gets a 4 0 - 5 0 % advantage under stress, only
2 0 - 3 0 % may be obtained wi th high inputs, but
the point is that 20% of 4000 kg at high inputs is
a great deal higher than 4 0 % of 500 kg at low
inputs in terms of actual yields or returns.
Gunasekera
There is work in India indicating that farmers not
only maximized income, but minimized variabil-
ity. It may not be the best model on which
farmer behavior could be explained but explana-
tion along these lines may be needed. I invite
comments from African scientists on this
aspect. Have farmers given up intercropping in
Africa under high input use as in India?
Nicou
In today's meeting, the intercropping systems
(intercropping, sequential cropping, etc.) have
been much discussed. But we have forgotten
that much monocropping is still carried out in
West Africa and especially in Sahelian regions of
400 to 600 mm rainfall. The farmer practices relay
cropping only when he sows cowpea a month
before the millet harvesting. This is done in order
to exhaust the water reserves which remain in
the soil. We have the impression that we know
all about cropping techniques and even about
sorghum fertilization. No one has commented on
Dr. Clegg's paper. It summarizes the general
impression which results from this symposium.
We think that all problems can be solved through
varieties resistant to everything and intercrop-
ping which enables the cereal to take up the
nitrogen from the legumes (which has not been
demonstrated). But we forget that if one makes
a plant more productive, it consumes more of
the soil resources and thus impoverishes the
soil. It is known already that Sahelian soils are
poor. If we want to produce more without
wishing to give more inputs, we are heading in
the long run towards an impoverishment of the
environment. When the soil is so poor that
sorghum does not grow well , I do not think that
we can increase the production through miracle
varieties, without utilizing the essential good
agronomic techniques.
Stoop
I would like to add a little to what Dr. Nicou has
said. The West African soils are very poor in
fertility and have a low cation exchange capacity
(<7 m eq/100 g soil). Research by IRAT and at
Samaru have shown that the regular application
of chemical fertilizers decreased soil pH to a 
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critical level where crop production was serious-
ly affected. Scientists must be aware of this
problem in view of frequent suggestions during
this workshop about fertilizer use for higher
yields in Africa. Correction is particularly a 
problem because of the nonavailability of lime in
most of the West African countries.
Niangando Oumer
Our experience with groundnuts showed that
excessive fertilization deteriorates the soils. In
traditional agriculture, a balance was maintained
while our modern techniques are destroying this
balance. Traditional techniques contribute to the
buildup of soil resources. We tend to forget the
importance of crop residues in the soil which the
traditional techniques conserve.
Webster
It is very important in order to improve the life of
the peasant farmer to first study his farming
practices and constraints. Then one will be in a 
position to make suggested changes.
Singh
In the All India Coordinated Sorghum Improve-
ment Project we have observed that if the
traditional long-duration cultivars in the kharif 
season are changed to 90-95-day maturity
cultivars, we can go for double cropping of
Vertisols by growing safflower or chickpea in the
postrainy season instead of single cropping as
practiced at present. The possibilities of harvest-
ing kharif sorghum at physiological maturity can
alleviate the problem of seeding the second
crop.
Willey
I agree that early maturing genotypes and
harvesting at physiological maturity are impor-
tant concepts that can increase the probability of
taking a second crop. In practice of course there
often has to be a compromise between these
factors and problems (e.g., head molds and wet
conditions) associated with early harvesting.
Tarhalkar
In a sorghum-groundnut intercropping system,
sorghum is usually the dominant crop and
groundnut suffers from sorghum competition. In
your opinion, what are the ways of improving the
groundnut yields?
Willey
If a full sorghum yield is required, competition on
the groundnut can only be reduced to a certain
extent, e.g., by widening or pairing of sorghum
rows. Where a partial sorghum yield is accept-
able, groundnuts seem remarkably able to pro-
duce a good yield without suffering too much
competition.
Parvatikar
Intercropping in winter sorghums has not been
touched by Dr. Willey, although Dr. Vidyabhusha-
nam has said that chickpea has been tried. In
Karnataka pigeonpea, chickpea, safflower and
other rabi crops are being tried.
Willey
In general, research on intercropping on stored
soil moisture during the postrainy season sug-
gests a rather lower advantage than that
obtained from many rainy season situations. But
that lower advantage may still be useful; for
example, we have found an advantage of about
1 5 - 2 0 % with sorghum/chickpea. It is of in-
terest that the less frequent occurrence of
intercropping in the postrainy season and its
lower advantages are usually attributed to a 
more stable environmental condition that is not
dependent on rainfall.
Umat
What is an ideal cropping system with sorghum
for a poor farmer working with marginal soils
under low rainfall?
Willey
It is difficult to answer this satisfactorily without
more information of the situation to which you
are referring, but it sounds as if an ideal system
would be sorghum with a hardy, drought tolerant
intercrop. If there is usually a little residual
moisture left after the sorghum harvest, the ideal
intercrop would be pigeonpea, otherwise an
earlier maturing cowpea might be better.
Dusseini
Density of millet and groundnut affects the yield
of each crop in intercropping; the bigger the gap,
the worse is the yield. What is your experience
regarding yield of the above crops in sole and
intercropping?
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Willey
Millet/groundnut Intercropping at 1 millet: 3 
groundnut row arrangement has been found to
give about 50% of sole millet yield and 75% sole
groundnut yield; this produces an intercropping
advantage of 25%. The yield proportion howev-
er, can vary depending on the relative proportion
of the component crops. Millet has a wide
yield-population plateau and as such its yield may
not be affected by small changes in plant
population. But gaps in groundnut definitely
affects its performance and can reduce the
overall intercropping advantage.
Singh
I wish to make a comment on biological nitrogen
fixation that Dr. Clegg has referred to in his
presentation. The tests conducted at several
locations in the All India Coordinated Sorghum
Improvement Project indicate that Azospirillum 
is more efficient than Azotobacter in fixing
nitrogen. In the rainy season there was fixation
of nitrogen ranging from 20 to 40 kg N/ha.
However, this effect was not observed in the
postrainy season probably due to the lack of
sufficient moisture.
Another kind of biological nitrogen fixation is
through legumes in intercropping. At the Indian
Agricultural Research Institute, New Delhi, we
observed that fodder cowpea would benefit
sorghum in intercropping in the same season
and also leave residual benefit to the following
wheat crop. The residual benefit from peanut or
intercropped cowpea was equivalent to 40 kg
N/ha. However, no such effects were observed
with soybean.
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In many developing countries sorghum grain is
traditionally processed by the very laborious and
time-consuming mortar and pestle pounding
method. This process was partially mechanized by
the introduction of small grinders in many villages.
The trend recently has been toward the construc-
tion of larger, centralized facilities which have the
capability of cleaning, dehulling and grinding of
grain. By the year 2000 it has been estimated
(Miche et al. 1980) that if only 20 to 4 0 % of all
sorghum produced is processed, some 1000
-8000 medium capacity industrial plants (3500
tonnes/yr) would be required in Africa. During the
last 10 years a great deal of activity has been
focused on the development of these village and
industrial-scale systems, particularly in countries
in Africa. Development agencies such as the FAO
and IDRC. government institutions, universities
and especially private industry have been very
actively involved in this area.
Sorghum grain is processed to remove the
fibrous and often highly colored pericarp and testa
layers and to reduce the remainder of the seed to
flour. Often the peripheral layers also contain
anti-nutritional constituents such as tannins. In the
traditional mortar and pestle method, and most of
the mechanical methods, much of the germ is
often retained with the endosperm.
Efficient mechanical dehulling of sorghum has
been one of the major problems in the develop-
ment of sorghum processing facilities and this is
an area where most sorghum milling research has
been concentrated in the last 5 - 1 0 years. The
various technologies which have been used to
dehull sorghum (or could potentially be used) have
been categorized and include: (a) roller-milling
equipment and peeling rolls, (b) rice-dehulling
* National Research Council of Canada, Prairie Regional
Laboratory, Saskatoon, Saskatchewan, Canada. NRCC
Paper No. 19711.
International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of
Symposium on Sorghum, 2-7 Nov 81, Patancheru, A.P., India. Patancheru. A.P. India: ICRISAT.
the International
Application of Roller-Milling Equipment
or Peeling Rolls
The first attempts to dry mill sorghum were made
on wheat-milling machinery because of the ready
availability of the equipment and the expertise of
the individuals involved. Investigators have used
the Buhler mill (Badi et al. 1976; Jones and
Beckwith 1970; John and Muller 1973; Shepherd
and Woodhead 1969-70; Perten 1977b; Ander-
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Dehulling Equipment
for Sorghum
equipment, (c) abrasive-type dehullers, and
(d) attrition-type dehullers. Many of the machines
in the last two categories have been developed
specifically for sorghum and similar grains. Appro-
ximately 40 dehullers or dehulling methods are
reviewed in this paper, the majority (22) being
abrasive- or attrition-types. The main objective is
to record the major principle of operation of each
dehuller (as far as this information is available) and
its application to sorghum or a similar cereal.
Several commercial- or pilot-scale mills in Africa,
most of which have been erected within the last
decade are also described. Also discussed is the
development of equipment for predicting the
milling quality of plant breeders' samples.
Since private industry is actively involved in
sorghum milling research, much of this informa-
tion was obtained from unusual sources (advertis-
ing bulletins, annual reports, proceedings and
internal reports). Hence, some of the information
is incomplete. Undoubtedly, some dehulling or
mill systems have been overlooked. Other
aspects of dry milling not covered here (e.g., grain
grinding, air classification, degermination, milling
products and utilization) have been amply de-
scribed by others (Hulse et al. 1980; Hahn 1970).
son 1969; Shepherd et al. 1970-71), conventional
roller-milling equipment (Hahn 1969; Crawford et
al. 1942; Goldberg et al. 1946; Shoup et al.
1970a), the Miag Multomat experimental flour mill
(Shoup et al. 1970b), Brabender Quadrumat Sr.
and Jr. mills (Rooney and Sullins 1970; Maxson et
al. 1971; Badi et al. 1976), the Maxima mill
(Raymond et al. 1954), and a wheat semolina mill
(Pilon et al. 1977). The general consensus appears
to be that roller milling is not very appropriate for
sorghum because the product does not have
consumer acceptability (for example, in Senegal,
Chad and Sudan) and because production costs
are relatively high due to a low extraction rate
(Perten 1977b). The gray color and speckiness of
the flours also limit the usefulness of roller milling
(Hahn 1969, 1970)
An abrasive, peeling roll was developed by
Shoup et al. (1970b) to dehull tempered sorghum.
A yield of up to 8 9 % of peeled grain was obtained,
which is probably close to the maximum possible
yield. Weinecke and Montgomery (1965) have
used the same principle. The Tropical Products
Institute, London, has recently developed and
tested a sorghum peeler in Sudan (D.A.V. Dendy,
personal communication). The SOTRAMIL pro-
cess uses abrasive rolls to obtain extraction rates
of 6 5 - 7 5 % (millet) after hammer milling (Adrian
et al. 1975). In the SEPIAL process, conditioned
grains are peeled by the action of paddles in an
apparatus wi th a vertical axis. Then by vigorous
rubbing in a brushing machine a protein-rich
fraction (aleurone plus adjacent layers) and decor-
ticated grain is produced (Adrian et al. 1975). The
latter two processes have mainly been applied to
millet.
Application of Rice-Milling Equipment
Since rice dehullers and polishers have been used
on rice for many years, a detailed description of
the principle of operation of these machines is
available elsewhere (Borasio and Gariboldi 1979).
The Ce Co Co dehuller (Ce Co Co, Chuo Boeki
Goshi Kaisha, P.O. Box 8, Ibaraki, Osaka 567,
Japan) has been used to dehull tempered sor-
ghum in the National Research Council of Canada,
NRCC, integrated milling process (Anderson and
Burbridge 1971; Anderson et al. 1977). Shepherd
et al. (1970-71) and Kapasi-Kakama (1977) also
used the Ce Co Co to dehull sorghum successful-
ly. Three models of the machine are available wi th
throughputs of 420 -840 kg per hour of sorghum
and power requirements of 5 - 1 0 hp.
Viraktamath et al. (1971) tested three types of
rice-milling equipment: a rice huller (a horizontal
ribbed rotor), a Gota machine (a horizontal trun-
cated cone), and a Dandekar-type rice mill (a
vertical inverted truncated cone rice polisher).
Only the latter produced satisfactorily dehulled
sorghum from the tempered grain.
A Squiers rice huller, consisting of a solid-cast
rotor wi th several bars surrounded by a screen
provides abrasive action as the grains rub against
the rotor, screen, and one another. Anderson et al.
(1969) used this dehuller on tempered sorghum
followed by impact milling and sieving.
A Satake rice whitening machine (Satake En-
gineering Co., Ltd., Tokyo, Japan) has been tested
by Robinson Reunert Ltd., Thora Crescent, Wyn-
berg, Sandton 2199, South Africa and good results
were apparently obtained (personal communica-
tion).
An Engleberg rice huller or similar dehullers
have been tested (Raghavendra Rao and De-
sikachar 1964) and are used in several West
African countries (e.g., Ouagadougou, Upper Volta
and Bamako, Mali). The machine consists of a 
ribbed rotor rotating within a slotted screen.
In general, many of the rice dehullers, particular-
ly those like the Engleberg type do not work wel l
on sorghum probably because it is much softer
than rice. Private industry and others have there-
fore resorted to the development of other types of
dehullers, especially the abrasive- and attrition-
types.
Abrasive-type Dehullers
Abrasion-milling employs carborundum or other
abrasive surfaces mounted on a vertical or hori-
zontal rotor to progressively abrade the outer
layers of the grain. Some of the rice dehullers
mentioned in the last section also operate on this
principle.
Bavaria Record
Etablissements Rohr (11, rue Jacques-Duclos B.P.
19, 95204 Sarcelles CEDEX) distributes three
types of Bavaria Record machines. The dehuller-
scourer type is sold in eight models (A to H) With
machine lengths varying from 110 to 227 cm. The
weight varies from 230 to 500 kg, wi th through-
puts (on wheat) from about 450 kg/hr for the
smallest model to about 1800 kg/hr. In these
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machines, abrasive elements are mounted hori
zontally on an axis and these function to remove
hull and beard particles from rye, wheat, etc. A 
brush-type machine is available in four models (A
to D) and operates like the dehuller-scourer. The
abrasive-elements are replaced by a brush-type
cylinder mounted on a horizontal shaft. Machine
weights vary from 175 to 230 kg and throughputs
range from 600 to 2000 kg/hr. A combined
dehuller-brush type machine has both abrasive
elements (2/3) and brush-type cylinders (1/3)
mounted on a horizontal rotor.
Wondergrain Jaybee
The abrasive action of the Wondergrain Jaybee
dehuller (Jaybee Engineering Pty, Ltd.. 227
Princes Highway, Mail Box 168, Dandenong,
Victoria 3175, Australia) is provided by four metal
disks wi th abrasive material glued to both faces
(Fig. 1). These disks rotate at 2940 rpm on a 
horizontal shaft within an octagonal basket made
from a metal screen. The basket rotates at an
approximate speed of 20 rpm in the direction
opposite to that of the disks. Fines pass through
the metal screen of the basket and are aspirated
into a cyclone. A belt of compressed air keeps the
holes in the screen clear of fines. The front panel
of the basket serves as the door for exiting grains.
The machine is used on a batch basis. Munier
(1980) found that wi th wheat, as the load was
increased from 12 to 20 kg, the yield decreased
from 80.7 to 61.8% after 3 min of dehulling. When
the retention t ime of a 12 kg sample was varied
from 30 sec to 2 min 30 sec, the yield decreased
from 95 to 76%.
FAO (Fondateur de I'atelier de I'Quest)
Eurafric M-164
The abrasive action of the FAO Eurafric dehuller
(distributed by Societe Comia-Fao S.A., 27, Bd de
Chateaubriant, 35500 Vitre, France) is provided by
a rubber cone rotating within an emery coated
enclosure (Fig. 2). The distance between the cone
and the emery surface is variable and depends on
the size of the grain. Following dehulling, the light
bran and dust are removed by a screening
apparatus. The larger bran particles are removed
by air aspiration.
The major variable affecting the degree of
dehulling is the number of t imes the grain is
passed through the machine. The distance be-
tween the cone and the abrasive surface seems
to be of secondary importance. After six passes.
Munier (1980) found that the yield of wheat was
66.7%. For millet, using three passes the through-
put was in the order of 150 kg/hr.
Decomatic
The abrasive action of the Decomatic dehuller
(Fig. 3) manufactured by Bernhard Keller AG,
Herostrasse 9, CH-8048 Zurich, Switzerland, is
provided by five polishing disks mounted on a 
vertical rotor (G). Grain f lows from the glass
cylinder over a cone (A) which distributes the grain
evenly into the decortication space. The polishing
disks (E) rotate within a cylinder of perforated
sheet-metal (C). Two decortication cylinders (D)
are located lengthwise to the metal cylinder
providing a mechanism whereby the degree of
decortication can be adjusted. To separate the
fines from the dehulled grains, a strong current of
air enters at (B) and blows the fines through the
screen and finally into the air exit (J) and to the
ventilator. All around the millstones, at the base of
the screen, there are several segment-like sliding
valves which are adjustable from the outside by
micrometer screws (F). This adjustment regulates
the throughput. Following decortication, grains
leave the machine through the discharge channel
(L). The machine is driven by a 20 hp electric
motor (H) through a V-belt drive (K). The machine
dehulls a variety of cereals and legumes and
Munier (1980) reported that 47 machines had
been installed in five countries.
Perten et al. (1978) tested the Decomatic on
sorghum and found a negative, linear relationship
between the throughput (kg/hr) plotted on a log
scale and the decortication rate. Throughputs
were decreased at lower rotor speeds. The
number of broken kernels increased linearly wi th
the decortication rate. At lower rotor speeds, the
number of broken kernels was dramatically re
duced. The rapid reduction of fat, ash, and protein
content at low rotor speeds suggested that the
peripheral layers of the seed (germ, pericarp,
aleurone layer) were removed more efficiently
than at high rotor speeds. Most of the relation-
ships found by Perten et al. (1978) are probably
applicable to a variety of abrasive-type dehullers.
Vertical Shelling Machine Type-270
This dehuller (Fig. 4) manufactured by F. H. Schule
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GMBH, D-2000 Hamburg 26, West Germany is
similar in principle to the Decomatic. Seven emery
disks (B), one tapered and six cylindrical, rotate on
a vertical shaft. The granulation of the discs
becomes finer from top to bottom. When the feed
gate (A) is opened, grain enters the working
chamber, where the disks (B) provide the abrasive
action necessary to gradually abrade the seeds.
Throughput is regulated by an adjustable dis-
charge gate (E). A fan (D) draws air through the
hollow shaft from the top of the machine. This air
passes through the spaces between the emery
disks and through the material being dehulled,
carrying wi th it fine particles. The fine particles are
carried through the perforations of a cylindrical
metal screen (C), into a separation chamber (F)
and are finally removed via a discharge pipe (G).
The manufacturer claims a throughput of a 200
- 1 8 0 0 kg of sorghum per hour. A 25-hp electric
motor drives the machine which weighs 1125 kg.
PRL, PRL/RIIC and PRL Mini Dehullers
The PRL dehuller manufactured by Nutana
Machine Co., Saskatoon, Canada, and Ackroyd
Construction Ltd., Toronto, Canada, resulted f rom
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Figure 1. Schematic diagram of the Wondergrain Jaybee dehuller. (Adapted form Munier 1980.) 
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extensive modification of the George Hill grain
thresher (Reichert 1977). The abrasive action is
provided by 13 carborundum stones (30.5 cm in
diameter x 3.2 cm thick) or 27 resinoid disks (30.5
cm in diameter x 0.64 cm thick) mounted on a 
horizontal axis (Fig. 5). When the feed gate is
opened, grain f lows from the hopper into the body
of the machine. Fines generated by the action of
the abrasive surface are taken off by the fan and
are eventually bagged at a cyclone. Dehulled grain
exits via an overflow outlet. Throughput is ad-
justed by regulating the feed gate and the
adjustable gate on the overflow outlet. Through-
puts wi th sorghum were about 300 and 550 kg/hr
at extraction rates of 70 and 85%, respectively,
when a stone speed of 1050 rpm was used
(Reichert and Youngs 1976). Using a softer
sorghum, throughputs in the order of 900 kg/hr
were obtained wi th a stone speed of 1300 rpm
and an extraction rate of 7 2 % (Oomah et al.
1981a).
The PRL dehuller was modified at the Rural
Industries Innovation Centre (RIIC) in Botswana to
process grain in either a continuous or batch
operation. The modified machine (PRL/RIIC) is
presently manufactured by RIIC, Nutana Machine
Co. and Ackroyd Construction Ltd. The PRL/RIIC
dehuller has a hinged door at the bottom of the
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Figure 2. Schematic diagram of the FAO Eurafric dehuller. (Adapted from Munier 1980.) 
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Figure 4. (a) Schematic diagram of the Vertical shelling type 270 machine (dimensions in mm); 
(b) magnified view of the working chamber illustrating the air and bran flow. (F.H. Schule 
GMBH literature.) 
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Figure 3 .Schematic diagram of the Decomatic 
dehuller. (Bernhard Keller AG litera-
ture.)
machine, which is used during batch operation to
release the dehulled grain. The dehuller is similar
to, but smaller (30.0 x 63.5 cm) than the PRL
dehuller and contains 13 carborundum stones
(25.4 cm in diameter x 1.9 cm thick). When
operated continuously under field conditions the
machine can process up to 3000 kg in 8 hr.
The PRL mini dehuller, also available from
Nutana Machine Co., is operated on a 7-kg batch
basis (Fig. 6). It is useful in a laboratory situation or
in a village setting where it performs a service
function. Carborundum stones or resinoid disks
(25.4 cm in diameter) provide the abrasive action.
Grain is simply loaded into the machine, the cover
plate (A) is locked, and the disks (B) or stones are
rotated at 1500-2000 rpm for 1-5 min. The
dehulled grain plus bran are dumped into the
emptying chute (C) by rolling over the body of the
machine and unlocking the cover plate. Grain and
bran are subsequently separated using either air
or a sifter. The machine requires a 4-hp motor. It
has been successfully applied to cereal grains and
grain legumes (Oomah et al. 1982).
UMS Dehuller Type DVA
This dehuller, distributed by United Milling Sys-
tems, 8 Gamle Carlsberg VEJ, DK-2500 Valby,
Copenhagen, Denmark, provides an abrasive
effect by the action of double-edged, interchange-
able knives (E) mounted on a vertical rotor (Fig. 7).
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Grain enters the machine at (A) and a vertical
screw conveyor (C), attached to the lower part of
the rotor (B), moves the grain upward into the
dehulling chamber (D). The distance between the
knives, mounted in the upper part of the rotor, and
a stationary perforated cylindrical screen (F) deter-
mines the rate of dehulling. Fines are blown
through the screen, while the dehulled grains are
taken off at the top outlet gate (H). The throughput
is regulated by means of counterweights (G)
attached to the outlet gate (H). The manufacturer
claims a throughput of up to 2000 kg/hr of
sorghum. The machine is powered by a 30 hp
motor and weighs 447 kg.
Palyi-Hansen BR 001-2
This unit consists of a multiple combination of
rotating disks, each one consisting of a side wi th
abrasive corrugated blades and a side having
perforated abrasive blades with openings (Rasper
1977). The disks are mounted on a horizontal shaft
and are hollow to enable the air to f low under
pressure through the perforations in the abrasive
surface. The disks are housed in a perforated
metal drum through which pieces of bran are
blown. Rasper (1977) reported that the machine
was in the early stages of testing and, to date, the
progress of its development is not known.
Buhler-Miag Types DNRH, DSRD,
MHV, DSRH, MKDA
Buhler-Miag (9240 Uzwil, Switzerland) is involved
in the problem of dehulling sorghum (Wyss 1977).
However, very little information is available on the
application of the five abrasive-type dehullers they
manufacture.
The horizontal hulling machine (type DNRH)
provides abrasive action with emery rings in a 
fixed sieve-plate cylinder mounted on a horizontal
axis. A 15 hp motor gives throughputs ranging
from 250 to 1000 kg/hr at rotor speeds between
800 and 1600 rpm. The machine is used mainly on
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Figure 6. Photograph of the PRL mini dehuller. 
Figure 5. Schematic diagram of the PRL de-
huller.
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barley, although other cereals and legumes can
also be denuded.
In principle, the vert ical whitener-pearler
machine (type DSRD) is similar to the Vertical
shelling machine type 270 (Fig. 4) but the con-
struction is somewhat different. The machine has
been used for whitening of brown rice and for
dehulling leguminous seeds, barley, and kiln-dried
whole oat groats.
In appearance and dimensions, the Decorti-
queuse (type MHV) is very similar to the Decoma-
tic (Fig. 3). Five emery wheels provide the
abrasive action.
The polisher (type DSRH) is used for intensive
pearling or polishing, particularly of rice. A special
rotor mounted on a horizontal shaft within a 
hexagonal mantle provides the abrasive action.
A rotor wi th special disks provides abrasive
action to dehull corn in the Decortiqueuse a mais
model MKDA.
Strong-Scott Series 235 Huller
This dehuller manufactured by Sullivan Strong-
Scott Ltd., P.O. Box 872, Winnipeg, Canada,
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Comparative Studies
Perten et al. (1974) reported on a collaborative
study of dehulling and grinding equipment for
sorghum and millet which was carried out be-
Attrition-type Dehullers
The term attrition dehulling is generally applied to
a mill in which the dehulling takes place between
two disks of steel or stone rotating in a horizontal
or vertical plane (similar to a plate mill). One of the
disks may be stationary and either of the disks
may be modified wi th a variety of impact or
cutting surfaces.
Palyi Compact Mill
This machine, originally distributed by United
Milling Systems, provides the dehulling action by
two attrition plates (one stationary and one fixed)
fitted with saw-tooth blades (Fig. 8). The distance
between the plates is adjustable providing vari-
able extraction rates. After the grains leave the
plates, they pass into a cylindrical head where a 
drum rubs the grains against a. cylindrical metal
screen. By adjusting the distance between the
cover plate and the extended edges of the metal
screen, it is possible to vary the retention time in
the head. The dehuller is powered by a 7.5-hp
electric motor. Fines pass through the screen, de
Man et al. (1973) tested the machine and modifi-
cations of it, and obtained excellent results on
sorghum and millet. However, Reichert and
Youngs (1976) found that the throughput was
relatively low (70 and 140 kg/hr at extraction rates
of 68 and 83%, respectively) and that the dehull-
ing efficiency was relatively poor.
UMS Dehuller Type DHA 400 and 600
United Milling Systems now distributes larger-
scale and improved versions of the Palyi compact
mill. The DHA 400 and 600 operate on 15 and
30-hp motors, and the manufacturer claims
throughputs of 800 and 1400 kg/hr, respectively.
Extraction rates were not specified.
contains a series of horizontally-mounted abrasive
wheels. Both feed and discharge are controlled to
determine the degree of dehulling. Bulgur, pot
barley and pearl barley are commonly produced
with this machine.
G
H
A
Figure 7. Schematic diagram of the UMS dehul-
ler type DVA. (United Milling Systems 
literature.)
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tween 12 laboratories or manufacturers of milling
equipment in 10 countries. Participants were sent
up to 50 kg of grain and were asked: (a) to dehull
the grain to an extraction between 75 and 80%,
(b) to report methods and equipment used, and (c)
to submit a sample of dehulled grain. The results
of those participants who met these requirements
are given in Table 1. Criteria used for choosing the
best dehuller included throughput and equipment
considerations, power consumption, cost, kernel
cracking, purity judged mainly by ash. fat and fiber
content, and color. The best results wi th respect
to purity were obtained wi th the Vertical shelling
machine type 270 and the Decomatic. The latter
was chosen for installation in the FAO/FRC pilot
flour mill in the Sudan, which is described later in
this paper.
Reichert and Youngs (1976) demonstrated
quantitatively, using a red pericarped sorghum
variety, that abrasive-type denuding in an industrial
carborundum-stone dehuller (Hill grain thresher-
HGT) and a laboratory barley pearler (Strong-Scott-
SS) was more efficient than attrition-type dehull-
ing (Palyi Compact mill-PCM). Sorghum was
progressively dehulled wi th all machines. Color
measurements of the flour (indicative of pericarp
removal) were used as a criterion for judging
efficiency (Fig. 9). To produce flour which was
comparable in color to a traditionally processed
product, 21 and 23% of the kernel was removed
with the SS and HGT, respectively, while 4 4 %
was removed with the PCM. An excessive
amount of kernel cracking wi th the attrition-type
dehuller was one explanation. Another was that
the sharp saw-tooth blades of the latter dug
deeper into the seeds and removed relatively
more of the endosperm. Throughput, kernel
cracking, equipment considerations, and chemical
composition of the dehulled grain (Reichert and
Youngs 1977) were also used to compare the
dehullers.
In a similar manner, using an Agtron spec-
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Figure 8. Schematic diagram of the front view (left) and side view (right) of the Palyi compact mill. 
(Reichert and Youngs 1976.) 
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trophotometer to measure flour color, Oomah et
al. (1981a) showed that the PRL dehuller equip-
ped wi th resinoid disks and the PRL/RIIC dehuller
equipped w i th fine-grit stones were more efficient
than the HGT equipped wi th coarse-grit carborun-
dum stones. To produce the same acceptable
color, the yield was 12 to 15% lower wi th the HGT
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Sentenac Mill: Dakar, Senegal
This mill includes receiving, cleaning, dehulling,
storage, and grinding equipment and has an
hourly capacity of 2-3 tonnes (Miche and Feillet
1980). Dehulling is accomplished wi th a Wonder-
grain Jaybee dehuller operating on a batch basis.
The mill processes wheat, maize, sorghum, millet,
and dry legumes.
Figure 9. Comparative rate of flour color im-
provement (reflectance measurement 
at 450 nm) as a function of progres-
sive dehulling with laboratory 
commercial abrasive-type and
attrition-type dehullers Horizontal
line represents a traditionally accept-
able flour. (Reichert and Youngs 
1976.)
Sotramil: Zinder, Niger
This mill, which has a capacity of 5400 tonnes per
year, is equipped wi th a model-G Bavaria Record
dehuller (approximately 1.1 tonne/hr) and one
attrition-type Sepial wet (500 kg/hr) dehuller
(Miche and Feillet 1980). Besides sorghum, wheat
is also processed by simply grinding and sifting of
the whole grain. The Sepial dehuller is apparently
not functional and has been abandoned. At one
time it had been used for fermented-millet flour
production.
The last 10 years have seen a proliferation of
village and industrial-scale systems for processing
sorghum grain. Countries in Africa have been the
testing site for many of these developments.
Intermediate and Pilot Scale
Sorghum Processing
Facilities in Africa
than wi th the PRL or PRL/RIIC dehuller.
Table 1. Comparison of six dehulling units on sorghum grain (Perten at al. 1974).
Extraction
rate
Kernel
cracking'
Chemical composit ion
Colorb Ash Protein Fat Fiber
Dehuller (%) (%) (%) (%) (%) (%)
Eurafric M-164 80 54 > 3 7 1.2 12.9 2.9 0.9
Buhler-Miag prototype 75 15 > 3 7 1.3 13.0 2.7 0.9
Decomatic 76 24 > 3 7 1.1 12.8 2.6 0.7
Vertical shelling 80 8 35.1 0.9 11.6 1.9 0.4
machine type 270
Palyi Compact mill 78 41 > 3 7 1.1 13.0 3.1 1.1
Speaf 76 10 > 3 7 1.4 12.6 2.8 1.3
Whole sorghum — — > 3 7 1.7 12.8 3.9 2.3
a. Weight percentage less than 2 m m .
b. Lower numbers represent lighter colors.
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Somdiaa Mill: Bonfora, Upper Volta
This mill is also equipped with a Wondergrain
Jaybee dehuller (Miche and Feillet 1980).
Maiduguri and Kaduna Mills: Nigeria
The Maiduguri mill, which began operation in
1973, has been extensively described in IDRC
publications (Anon. 1976; Eastman 1980). A 
precleaner initially removes stones and other
foreign matter from the grain. A PRL dehuller and
a Jocobson pulverator are used to dehull and grind
the grains, respectively. Most hammer and plate
mills produced an acceptable flour, but the Jacob-
son model was found to be superior because it did
not become clogged as did many other grinders. A 
flour sifter is included in the mill although it was
found that simply changing the screens in the
hammer mill produced an acceptable flour. Of the
various sifters that were tested, a Kason Centri-
Sifter was preferred because it has a relatively
simple, horizontal, one-screen design. It produces
only two fractions of flour whereas vertical sifters
that are commonly used to sift wheat flour
produce many more fractions and are unnecessar-
ily complex.
The Kaduna mill is similar to the Maiduguri mill.
However, two PRL dehullers are used for dehull-
ing and another two are planned. Some of the
equipment used in these mills, or similar equip-
ment, is also in operation in Tanzania, Ghana,
Senegal, and Sudan.
Pitsane, Kanye and
Gabane Mills: Botswana
Forrest and Yaciuk (1980) have described the
development and rationale of three types of
milling systems, i.e., commercial milling, service
milling, and service/commercial milling, which are
being accomplished at Pitsane, Kanye and
Gabane, respectively, in Botswana. The com-
merical mill at Pitsane was instigated in 1977 by
the Botswana Agricultural Marketing Board with
the assistance of the IDRC. Grain is purchased in
bulk from farmers or from a depot and then
dehulled (two PRL dehullers) and ground (Jacob-
sen model) in a continuous fashion. Four to five
tonnes of good quality flour are produced per
workday. The flour and bran fractions are
weighed, packaged and sealed and transported to
retail traders for sale to their customers. The daily
capacity of the machinery is in the range of 2500
kg. The flour produced by the mill sold extremely
well. However, the bran could not be absorbed by
the region quickly enough. As a solution, a feed
mill was erected in 1978 which incorporated the
bran fraction into a packaged poultry feed.
The service mill at Kanye was established in
1979 by the Rural Industries Innovation Centre.
RIIC, on the basis of a survey in the Pitsane area,
which showed that most farmers preferred flour
produced from their own sorghum. In this opera-
tion, customers bring grain to the mill (10-70 kg),
the grain is dehulled and ground for a fee and then
both flour and bran are returned to the customer.
The mill is equipped with a PRL/RIIC dehuller, a 
grinder, a scale, and a motor. Neither a cleaner nor
a sifter were required for the conditions in
Botswana. Throughput of the mill, usually 1500
-3000 kg/day, is dependent upon the demand.
In late 1979, a second mill was established by
RIIC at Gabane, which accomplished both service
and commerical milling. The PRL/RIIC dehuller is
operated on a continuous basis (commerical
milling) from 8:30 a.m to 1:00 p.m. and on a batch
basis in the afternoon to accomplish the service
milling function. It has a capacity of approximately
1400 tonnes of grain per year operating on one 8 
hour shift for 250 days per year. Very efficient use
of manpower and equipment is attained using this
system. A grinder, scale, and motor are also
included in the mill.
In support of the sorghum milling industry the
RIIC has developed a package for those interested
in buying a mill, which is described in the booklet
"The machine that dehulls and grinds sorghum for
us" (Eisener et al. 1979). All equipment except the
hammermill and engine are manufactured and
supplied by RIIC in Botswana. The RIIC also
provides a 3-week training session to familiarize
mill owners and operators about the milling
installation, mechanical, and business manage-
ment skills. A film and the publication "An end to
pounding" (Eastman 1980) describe the milling
systems which are used in Maiduguri, Kaduna,
Botswana, and elsewhere. In addition, informa-
tion is provided on planning and evaluation of a 
mill including detailed cost estimates.
FAO/FRC Pilot Flour Mill:
Khartoum, Sudan
The main objective of this mill is to demonstrate
that imports of wheat, which are approximately
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Figure 10. Photograph of the TADD used to predict dehulling quality. (Oomah et al. 1981.)
the abrasive ring (c) positioned on the periphery of
the chamber. Fines are blown through a perfo-
rated metal screen (d) and into the collector (e).
After removing the screen, dehulled grain is
blown into a second collector. Impeller blade
speed, which can be controlled (f), number of
blades, and surface grit size of the abrasive ring
affect the decort icat ion (Shepherd 1981a).
Shepherd (1981b) has used staining techniques to
determine the degree of decortication.
Conclusions
The need for mechanical processing systems to
replace traditional hand pounding methods has led
to much activity in this area in the last 10 years.
Much of the research has concentrated on the
development of suitable dehulling equipment for
sorghum, since other aspects of milling this grain
(cleaning, grinding, etc.) have been much less
problematic. Most of the work described in this
chapter is only in the development or early
application stage. Therefore, on the basis of only
very limited data on dehullers and some complete
milling systems, it is very difficult to make many
solid recommendations. Detailed publications de-
scribing new mills and the application of new
dehulling equipment to sorghum grain are re-
quired. Such reports should include throughput,
power consumption, maintenance requirements,
a detailed description of the machinery, cost, and
data on the efficiency of dehulling in terms of fat,
ash, and color reduction and other nutrient losses.
Parameters affecting the throughput or efficiency
of dehulling should be studied and results at a 
number of extraction levels should be reported.
Ideally, comparative studies of dehullers yield
the most valuable information. It is essential that
the same variety and lot of sorghum be used in
such studies since the performance of dehullers is
markedly dependent on the characteristics of the
grain. For example, throughputs can vary by a 
factor of 2 or 3 between a soft and a hard
sorghum variety. Comparative studies need to be
conducted to optimize the abrasive surface in
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Figure 11. Photograph of the modified Udy cyclone mill used as a laboratory abrasive decorticating mill. 
(Shepherd 1979.) 
dehullers to permit the most selective removal of
hull layers and to maximize the yield of the edible
product.
The quality criteria desired in the final flour must
be accurately defined so that millers can modify or
operate equipment with these objectives in mind.
For example, low lipid content is a desirable flour
attribute since it decreases the problem of rancid-
ity. However, the germ must be removed to
reduce the fat content and this has an adverse
effect on the nutritional quality of the flour.
Obviously, storage and nutritional studies need to
be undertaken to determine the optimum level of
germ removal.
Plant breeders should consider adopting small-
scale milling equipment to insure the develop-
ment of varieties with desirable traditional and
mechanical processing characteristics. Ultimately,
it may be possible to even select varieties which
require little or no denuding to produce acceptable
flour.
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Industrial Milling of Sorghum for the 1980s
L. M u n c k * , K. E. Bach Knudsen*, and J. D. A x t e l l * *
If sorghum growing semi-arid countries are to be
self-sufficient in cereals for food during the 1980s,
industrial milling and marketing of sorghum food
products have to be introduced as quickly as
possible. However, endeavors to supply rapidly
growing cities wi th locally grown sorghum come
up against several severe obstacles.
First, in these countries sorghum is a crop for
the subsistence farmer. There is very little sor-
ghum on the market, in part because of distorted
governmental food price policies. In many coun-
tries, imported cereals are subsidized and sold at a 
lower price than sorghum. In Tanzania, for exam-
ple, a white maize product is currently sold at one
third of that of grey whole milled sorghum flour,
even though maize gives a good yield in only 2 out
of 5 years.
Second, the milling process devised for sor-
ghum has been based on traditional wheat and
maize technologies. Therefore, highly acceptable
white maize and wheat products rapidly gained a 
foothold on the urban markets, leaving sorghum
as a low prestige food crop associated with the
backwardness of rural areas. Thus even in coun-
tries where sorghum as a food has age-old
traditions, it is nowadays regarded as a feed crop.
However, in the rural areas, locally developed
techniques such as hand pounding for decortica-
tion are still in use and produce highly acceptable
products. In these areas soghum is preferred to
maize. Unfortunately these local techniques are
now rapidly disappearing, and it is therefore
important to have them documented before it is
too late.
* Carlsberg Research Laboratory, Department of
Biotechnology, Gamle Carlsbergvej 10, DK-2500
Copenhagen-Valby, Denmark.
** Department of Agronomy, Purdue University, West
Lafayette, Indiana, USA.
International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of
Symposium on Sorghum, 2-7 Nov 81, Patancheru, A.P.. India. Patancheru, A.P. India: ICRISAT.
the International
Determinat ion of Needs Through
Studies of Local Practices
Studying local practices is a prerequisite for a 
precise evaluation of the acceptability and nutri-
tion of sorghum, and its role in a mixed food diet.
Such knowledge will contribute to an adequate
background for the future development of indust-
rial processes. Plate 1 : c displays selected flour
samples which are representative of the current
situation in Tanzania (Eggum et al. 1982) regarding
sorghum milling. It is seen that the hand-pounded,
high-yielding variety 2Kx17/B/1 (comparable wi th
Lulu D) is by far the most acceptable sample in
terms of whiteness. The machine milled Lulu D 
sample, processed in a local village mill devised
for rice, comes next in quality, while the commer-
cial Lulu D flour is almost as dark as whole milled
sorghum. In Tanzania the latter product is three
times as expensive as maize flour. It goes without
saying that the quantities of sorghum flour sold
under these circumstances are extremely small.
However, the yield-improved, short sorghum
varieties of the Lulu D type (Lulu, 2Kx17/B /1 .
2Kx89 in Figure 1) are not ideal for hand pounding
(Eggum et al. 1982). It is seen from the cross
sections of seeds in Figure 1 that they are much
softer than the local Tanzanian hard varieties
(T300, T236, T261, T295, and T275), which are
preferred for hand pounding in the rural areas. If a 
fine flour of comparable whiteness is desired,
the modern white varieties yield only about 50%,
while yields from local types range from 73 to
83%. Furthermore it is seen in Table 1 that, using
hand decortication, yields of nutrients (starch 61 % 
and protein 44%) are very low in the modern
varieties exemplified by Lulu D. Comparable
figures for the local varieties are 9 2 % starch and
75% protein. It is therefore clear that presently
introduced sorghums are unsuited for hand
pounding. When decorticated to a yield of 80%,
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Figure 1. Photographs from cross sections of three yield-improved varieties—Lulu D, 2Kxl7/B/1, 
2Kx89—and five local sorghum selections from Tanzania—T300, T236, T261, T295, and 
T275 (Munck et al. 1982). Normal incident light in a microscope with antiflex cap on the Ax 
objective.
Table 1. Milling yield, starch, protein content (% d.m.) and Agtron reflectance of raw materials and products
and final yield of nutrients from locally decorticated sorghum varieties in Tanzania and milled in the
United Milling Systems (UMS) sorghum milling process (Munck et al. 1982).
Number of Yield of
decorti-
cated
Milling
yield % 
Starch
% d m
Protein
% d, m.
Blue Agtron
reflectanceStarch % Protein % 
5 local varieties
Raw material 7 2 4 11.7 2 9 - 3 9
Hand decorticated 3 78 8 5 5 11.2 92 75 5 0 - 5 5
Lulu D 
Raw material 69.7-71.8 1 3 8 - 1 2 . 5 2 6 - 3 2
Hand decorticated 4 50* 85 4 122 61 44 44
Village machine 2 50* 80 12.3 58 45 40
mill decorticated
UMS sorghum milling 1 80 83.0 12.0 93 77 51
system
* Approximate figures calculated on the basis of starch in hull flour.
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Plate 1 :a. The sorghum mixture (1) of African origin, which contains mainly a white sorghum 
cultivar, is slightly decorticated in the UMS DVA decorticator (2). The black testa 
layer under the white pericarp is now visible. In (3) the same sample is optimally 
decorticated in the sorghum milling system (Fig. 4) also using the UMS DVA de-
corticator, efficiently removing the brown testa layer. 
1 :b. Micrograph of a cross section of a white sorghum seed from Plate 1 :a (1). The pic-
ture is taken in a fluorescence microscope with FITC filters. Pigments are seen 
migrating from the testa layer marked with an arrow. The pericarp + testa + the 
contaminated endosperm part have to be removed in the decortication process 
(Plate 1 :a [ 3 ] ) .
1 :c. Comparison of color of milled products from Tanzania. 
1 :d. Dabar sorghum and its products milled in the UMS sorghum milling process, dis-
played in Fig. 3. 
which is a reasonable figure wi th the current food
situation in Tanzania, the products will be much
darker than products made from the local hard
varieties, and thereby paving the way for competi-
tive maize products.
Hand pounding is hard and tedious work. It
takes up to 1 hr to process 2 kg of sorghum. Thus
there is a ready market for small diesel-driven
village mills serving individual farmers who bring
their own batches to the mill. However, in our
experiment (Table 1) we showed that such a 
technique is just as dependent on endosperm
hardness as the hand pounding technique. Milling
of Lulu D in a Tanzanian village mill gave a darker
flour (Plate 1 : c) than a hand decorticated flour
from the comparable variety 2Kx17/B/1 and just
as intolerably high losses of starch and protein as
the latter (Table 1).
Nutrit ional Quality
of Sorghum Products
The content of digestible nutrients in low-tannin
sorghum products is very high compared with
other cereals (Table 2, Eggum et al. 1982). The
true digestibility of protein and energy in decorti-
cated grain is 100% and 9 6 % respectively. When
sorghum is cooked to make "ugali" porridge,
these values decrease by 8% and 2% respective-
ly. Although the digestibility of sorghum de-
creased through cooking, the values before and
after cooking, are comparable with the best
values for other cereals such as wheat, maize, and
rice. However, the lysine value is very low (Table
2) and decreases by 4 0 % during decortication.
Because lysine is the nutritionally limiting amino
acid in sorghum, the biological value of sorghum
protein is the lowest of all cereals. By sup-
plementing wi th lysine-rich foods such as beans
and vegetables, the high potential of digestible
protein and energy in sorghum can be fully
utilized.
Developing a N e w Mil l ing
Technology for Sorghum
The need for a new sorghum milling technology
has been recognized earlier by the Canadian
International Development Research Centre
(IDRC) and FAO. IDRC (Eastman 1980) has
developed a small batch mill for local machine
milling of sorghum using carborundum or silicium
stones. Likewise, FAO has initiated a program for
sorghum milling (Perten et al. 1978) on an
industrial scale. This system also relies on an
abrasive principle.
Mechanisms of hand pounding are very diffe-
rent from those of abrasive milling. In hand
pounding the pestle causes a mechanical shock
which generates strong interactive forces in
between grains as well as between grains and
equipment. When water is added, large flakes of
hull material are formed. On the other hand, in
abrasive milling the polishing effect is mainly
obtained between the grinding stones and the
seeds and as action of seeds against seeds,
thereby producing fine bran particles. Abrasive
milling through kernel breakage causes losses of
endosperm in the bran fraction. However, hand
pounding initially produces coarse endosperm
particles that dwindle during the successive cy-
cles of decortication. At the Carlsberg Research
Laboratory we have developed an industrial decor-
tication process aimed at avoiding the disadvan-
tages of abrasive milling and incorporating the
advantages of the age-old hand pounding principle
(Munck et al. 1982).
In the new decortication machine (Fig. 2) (UMS
DVA, United Milling Systems A /S , DK-2500
Copenhagen-Valby, Denmark) the sorghum ker-
Table 2. Nutritional quality in rat tests of the improved variety 2Kx17/B/1 (comparable wi th Lulu D) and the
hand decorticated grain at well as the cooked product ugali (Eggum et al. 1982).
True digestibility
protein
Digestible Biological
energy value of protein
Lysine
g/16gN
Whole grain
Hand decorticated grain
Ugali
95
100
92
90 56
96 47
94 49
2.0
1.2
1.2
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The new UMS DVA dehuller can, depending on
the processing condi t ions, remove who le
embryos, which produce sharp-edged decorti-
cated, degermed kernels resembling children's
milk teeth. This indicates that the UMS DVA
dehuller produces a small amount of fine endos-
perm flour compared with abrasion mills, which
tend to produce round seeds. Seeds decorticated
wi th abrasive stone mills are more rugged on the
surface and thus appear whiter than seeds from
the UMS DVA decortication, which still have intact
natural endosperm surfaces. Obviously the rug-
ged surface indicates losses of fine particles of
endosperm. Breakage of kernels does not affect
yield in the new milling process as much as when
the abrasive polishing technique is used. The
reason is that, in the new process, losses can
always be regained from the screen flour, as long
as the endosperm particles are kept sufficiently
coarse. For example, grains of Lulu D milled in the
new process (Table 1) yield 7 8 % of decorticated
grains and 2% of endosperm fragments, render-
ing a total yield of 8 0 % with lighter color than flour
of the same variety milled locally in Tanzania
yielding about 50%.
It is also seen that the yield in the product from
Lulu D of the most important nutrients, starch and
protein, in the new process is 93% and 77%,
respectively. These figures are comparable wi th
the yield from the hand pounded local hard
Tanzanian sorghum varieties and much higher
than the yield of these nutrients in the hand
decortication of the high yielding Lulu which has a 
soft endosperm.
From a nutritional point of view, pericarp and
testa should be removed in the decortication
process, as they contain very small amounts of
available nutrients (Eggum et al. 1982). They are
also the main contributors to color in the final
product. With the new milling process it is
possible to retain most of the nutritious germ if
desired, or remove it completely while processing
sorghum for brewers' grits.
Utilizing high-tannin sorghums with a thick testa
layer is very difficult. Tannins are nutritionally
detrimental as they drastically lower the digestibil-
ity of starch and proteins. They are also potent
carcinogens. In countries in Africa, high-tannin
sorghum types are mainly used for beer. Plate
1 : a (1) displays a mixed sorghum sample consist-
ing mainly of chalky, white sorghum seeds from
Africa. Under the white pericarp these seeds have
a dark testa layer (Plate 1 :b). Due to weathering,
nets are conveyed by a screw (C) into the
decortication chamber (D), where a steel rotor
rotates the grain mass towards the cylindrical
screen (F). The pressure between the seeds
during decortication can be controlled by the
counterweight (G) in the outlet (H). The hulls and
the endosperm fragments from the cracked ker-
nels are discharged through the screen by an air
current at high pressure. This fraction—the
screen f lour—is sucked out from the bottom of
the machinery into a cyclone.
The first crucial point in the new dehulling
process is described in Figure 3, where the UMS
DVA decorticator is integrated into a milling
system with a capacity of 2 t/hr. This is done in
order to recover endosperm particles from the
screen flour. After separating the fine bran frac-
tions from the coarse ones through sifting (A2),
the coarse fractions are separated by aspiration
into an air sifter (B1) producing coarse bran (B2)
and cleaned endosperm fragments (B3). The latter
could then be milled together wi th the decorti-
cated kernels (C1) in a milling and sifting section.
Thus grits and flours of a high yield are produced.
Products from the various stages in this process
are displayed in Plate 1 :d .
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Figure 2. The United Milling Systems DVA sor-
ghum dehuller (Munck et al. 1982). 
G
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E
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pigments from the testa layer have diffused into
the endosperm. It is amazing to see how the
product turns darker when such seeds are slightly
decorticated in the decorticator [Plate 1 : a (2)]. By
proper tempering and milling (Fig. 3) a white
product is obtained at a yield of about 70%. These
results point to new possibilities for utilizing bird-
resistant high-tannin sorghum types for milling.
An important task for plant breeders is to improve
weathering characteristics of such varieties. If it is
possible to develop high-tannin sorghum varieties
wi th stationary tannins that cannot diffuse into the
endosperm, such varieties could be well suited for
the milling technology described above.
However, an adequate control of tannin content
in milled products from high tannin sorghums as
well as good cooking quality have to be secured.
These prospects call for a closer cooperation
between plant breeders and milling technologists.
In fact, plant breeding should be combined wi th
the development of new mills so that varieties
and processes could be bred together.
References
EASTMAN, P. 1980. An end to pounding. A new mechanic-
al flour milling system in use in Africa. Ottawa, Canada:
IDRC.
569
Figure 3. Flow scheme for the new industrial sorghum process (2 t/hrj developed at the Carlsberg 
Research Center, Copenhagen, in cooperation with UMS (United Milling Systems, Gamle 
Carlsbergvej 8, DK-2500 Copenhagen, Denmark). The UMS DVA decorticator (Fig. 2) is used 
in this process. Products according to the denotations are displayed in Plate 1:d: (A1) raw 
material, (A2) screen flour from decorticator, (A3) fine hulls from centrifugal sifter, (B V coarse 
hulls from centrifugal sifter, (B2) light coarse hulls from air sifter. (B3) heavy endosperm 
fragments from air sifter, (C1) decorticated seeds, (C2) grits, (C3) flour. 
Mi l l i ng and s i f t i ng sec t ion
f lour: f ine -coarse
20-85% C3
C2
cous -cous (gr i ts)
40-65%
coarse hul ls
2 -10% byproduct for feed
100% cleaned product feed A1
Cleaning and
tempering sect ion
Decor t icat ion
Screen f lour
to cent r i fugal
s i f ter A2
f ine hul ls
A3
B2Overf low to
air s i f te r B1
B3C 1
Decort icated seeds Endosperm fragments
15-25% hul ls for feed
EGGUM. B. 0 . , BACH KNUDSEN, K. E., MUNCK, L., AXTELL. J.
D , and MUKURU, S. Z. 1982. Milting and nutritional value
of sorghums in Tanzania. In Proceedings, International
Symposium on Sorghum Grain Quality, ICRISAT, 28
- 3 1 Oct 1981, Patancheru, A.P.. India: ICRISAT.
MUNCK. L, BACH KNUDSEN, K. E., and AXTELL, J. D. 1982.
Milling processes and products as related to kernel
morphology. In Proceedings, International Symposium
on Sorghum Grain Quality, ICRISAT, 2 8 - 3 1 Oct 1981.
Patancheru, A.P., India: ICRISAT.
PERTEN, H.. MUSTAFA. A. J.. ALBERT, R., and BADI, S. M.
1978. Sorghum milling in pilot scale. Presented at the
6th International Cereal and Bread Congress, Win-
nipeg, Canada, 1978.
570
International Crops Research Institute for the Semi-Arid Tropics. 1982 Sorghum in the Eighties: Proceedings
Symposium on Sorghum, 2-7 Nov 81. Patancheru. A.P., India Patancheru. A.P. India: ICRISAT.
of the International
571
* Professor, Cereal Quality Laboratory, Soil and Crop
Sciences Department, Texas A & M University, College
Station, Texas, USA; and Sorghum Breeder, ICRISAT,
respectively.
Evaluation of Sorghum Food Quality
S t r u c t u r e o f t h e S o r g h u m G r a i n
Structure of the grain has an important bearing on
various processing and food quality traits. The
structure of sorghum kernels varies significantly
because of environmental and genetic factors.
The shape, size, proportion, and nature of the
endosperm, germ, and pericarp, the presence and
absence of subcoat, and the color of the pericarp
are all genetically determined. Rooney and Miller
(1982) gave a complete description of the detailed
structure of sorghum grain. The caryopsis, or
kernel is composed of three main parts, the outer
covering (pericarp), the storage tissue (endos-
perm), and the embryo (germ). An understanding
of kernel structure and kernel properties is essen-
tial in order to comprehend sorghum quality
characteristics. We will review briefly the essen-
tial parts of structure.
Pericarp
The pericarp can be subdivided into the epicarp,
mesocarp and the endocarp. The epicarp is
outermost and usually consists of two to three
cell layers. These cells are long and rectangular in
shape and contain wax and, occasionally, pig-
ments. The mesocarp which underlies the epicarp
may vary in thickness. When the mesocarp is
thick and contains small starch granules, the
kernel has a chalky appearance. Pearly sorghums
have a very thin mesocarp that does not contain
starch granules. The innermost layer of the
pericarp is the endocarp, which consists of cross
and tube cells. The cross cells are long and narrow
with the long axis at right angles to the long axis of
the kernel. One of the main functions of cross and
tube cells is the transportation of moisture. These
cells are also the breakage points when the
pericarp (bran in milling terminology) is removed
during milling of the grain. The pericarp varies in
L. W. Rooney and D. S. M u r t y *
Sorghum (S. bicolor L. Moench) is a staple
commodity in several parts of the world and ranks
fifth as a cereal crop in terms of production and
utilization. However, the food quality of sorghum
has not yet been clearly defined, probably be-
cause it is not used in commercial foods to the
extent that wheat, rice, and maize are utilized. In
sorghum consuming areas, only limited quantities
of the product appears in metropolitan markets,
and there are few if any standards available to
distinguish grain quality, which is evaluated pri-
marily by subjective criteria such as kernel color,
appearance, size, and shape.
Crop improvement programs have become
increasingly conscious of these factors that affect
sorghum production and utilization (Murty and
House 1980), and are attempting to exploit the
vast genetic resources available to improve sor-
ghum quality. The objectives of quality breeding
programs in the past were frequently vague
because selection criteria for quality were ill
defined or poorly established. Recently, however,
considerable progress has been made to devise
standard laboratory methods to evaluate the
quality of the finished sorghum products. This
paper discusses the major sorghum food products
consumed, reviews information on the extent of
genetic variation for the preferred food quality
traits, and describes potential methods that could
be applied in sorghum breeding programs. Only a 
brief discussion of sorghum structure, milling, and
food properties as related to future food uses of
sorghum will be made as it relates to sorghum
breeding programs. More detailed presentations
on these aspects were made in the International
Symposium on Sorghum Grain Quality.
thickness within a kernel and between kernels
within a sample of sorghum. Genetically, the
presence of starch in the mesocarp is controlled
by the Z gene (Rooney and Miller 1982). Actual
thickness of the starchy mesocarp may be con-
trolled by modifiers since thickness of the starchy
mesocarp does vary among cultivars.
Testa
Just beneath the pericarp, some sorghum kernels
have a highly pigmented layer called the testa or
subcoat. Some sorghum lines contain a partial
testa that is found at certain places around the
kernel. The testa also varies in thickness from one
line to another and from one area of the kernel to
another. The color of the testa varies among
sorghum lines. Pigmentation is associated wi th a 
high concentration of polyphenols which appa-
rently differs considerably among sorghum lines
wi th a subcoat (Bullard et al. 1980). Presence of a 
pigmented testa is conditioned by the com-
plementary genes B1 and B2 (Rooney and Miller
1982).
Endosperm
The endosperm of sorghum consists of the
aleurone layer, and the peripheral, corneous, and
floury portions (Fig. 1). The aleurone cell layer
located beneath the pericarp (or testa, if present)
is a single layer of block-like rectangular cells. The
aleurone cells have spherical bodies that vary in
size which contain protein, phytin, minerals, water
soluble vitamins, autolytic enzymes, and high
levels of oil. They do not contain any starch
granules.
The peripheral endosperm is beneath the
aleurone layer and is an illdefined area consisting
of the first 2 - 6 endosperm cells. These cells are
small and blocky and contain small starch granules
embedded in a dense proteinaceous matrix. The
matrix protein is comprised mainly of glutelins
(alkali soluble proteins) and prolamins (alcohol
soluble proteins).
The corneous endosperm (hard, flinty, horny,
vitreous) located beneath the peripheral endos-
perm has a continuous interface between the
starch and protein. The starch granules are very
angular or polyhedral in shape wi th depressions
where protein bodies were trapped between
expanding starch granules.
The floury endosperm areas have loosely pack-
ed endosperm cells. The starch granules are
spherical and they are not held together by the
protein matrix. In addition, small voids occur
between starch granules and there is relatively
little continuous protein matrix. The air spaces
alternating with cell constituents diffuse light as it
passes through the endosperm which explains
the chalky or opaque appearance of the floury
endosperm.
The relative proportions of the corneous to
floury endosperm is termed kernel texture or
endosperm texture. Kernels vary from corneous
to floury depending upon genotype and environ-
mental conditions. Endosperm texture plays a 
major role in determining sorghum quality.
Grain Processing Properties:
Variat ion A m o n g
Genotypes of Sorghum
The milling properties of the grain, and conse-
quently flour quality are affected by the structure
and moisture content of the grain as well as the
milling equipment, and grinding technique. Tradi-
tionally sorghum was often dehulled before grind-
ing into flour and grits. Grain was moistened in the
mortar and pounded by hand with a pestle. High
endosperm recovery with minimum breakage of
the endosperm and complete removal of the
pericarp are desired by consumers. Striking differ-
ences between genotypes for denuding quality
evaluated by traditional methods have been re-
ported (Murty and House 1980: Scheuring et al.
1982). Those grains possessing a thick pericarp
and highly corneous endosperm produced the
maximum quantity of decorticated grain without
breakage, and with minimum effort and t ime
required for pounding. Floury endosperm types
and corneous endosperm types wi th a thin
pericarp were relatively less desirable for hand
processing. Conversely, grains combining a thin
pericarp and corneous endosperm have proved
acceptable for machine denuding (Maxson et al.
1971; Shepherd 1982; Reichert et al. 1982) and
endosperm recovery was positively correlated to
grain wi th a more corneous endosperm. Shepherd
(1979) and Oomah et al. (1981) developed two
different prototype laboratory decorticating mills
which require only 5 to 30 g of grain for denuding.
These prototype laboratory dehullers could be
useful to evaluate the milling characteristics and
food products made f rom dehulled grains.
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Figure 1. Scanning electron photomicrographs illustrating starchy endosperm structure: 
(A) longitudinal half kernel, (B) corneous endosperm area. (C) transition zone between 
corneous and floury endosperms, (D) floury endosperm area. SG-starch granule, PM 
-protein matrix, PB-protein body, BG-broken granules. 
Shepherd's technique has been used by Da et al.
(1982) to determine the milling properties and to
quality of grain from individual F2 heads. The
milling technique clearly showed that sorghums
with thick and thin pericarps differed in ease of
milling.
Sorghum Food
Considerable progress to define grain quality has
been made since the early 1970s. A great deal of
interest has been shown and real progress made
during the past 5 years and the ground work for
continued progress is in place.
Vogel and Graham (1979) have given a detailed
description of the various methods of sorghum
consumption in the world. Questionnaires, corres-
pondence, and field evaluation visits in Africa,
Asia, and Latin America with various scientists
have revealed that most sorghum produced for
food is consumed in the following eight basic
methods:
1. Unleavened bread —roti, tortilla 
2. Leavened bread —injera, kisra, dosai 
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The products are referred to by many different
names. Considerable variation exists in the exact
techniques used to prepare products within each
basic category. Usually, the differences observed
in the actual preparation from one area to another
and among households do not affect the quality of
the grain. However, thick porridges are an excep-
tion.
Porridges are processed using acid, neutral, and
alkali conditions (Rooney and Kirleis 1979). A 
sorghum variety wi th good porridge-making prop-
erties under acid or neutral conditions may not
have acceptable quality when processed wi th
alkali (Scheuring et al. 1982; Da et al. 1982). Thus,
a variety like E35-1 that makes excellent acid to
in Upper Volta has poor alkali td quality in Mali.
Variat ion for the Preferred
Food Quali ty Parameters
Several workers have evaluated the grain proces-
sing and food quality traits of sorghum cultivars,
particularly those of recent origin, in comparison
wi th traditionally grown cultivars (Rao et al. 1964;
Viraktamath et al. 1972; Pattanayak 1977, 1978;
Scheuring et al. 1982; Obilana 1982; Juarez 1979;
Khan et al. 1980). Large differences were reported
among genotypes for various food quality traits.
Recently, the International Crops Research
Institute for the Semi-Arid Tropics (ICRISAT)
carried out International Sorghum Food Quality
Trials (ISFQT) in collaboration wi th various scien-
tists in Africa and the Americas using grain
samples from 25 cultivars grown in each of two
years. It was found that the genotypes exhibited
significant variation for quality traits over a range
of food products (Murty and House 1980). Impor-
tant findings of various sorghum food quality
studies carried out in the past by various-workers
are summarized below for the major food pro-
ducts consumed in the world.
Unleavened Bread
Roti
In India, sorghum is ground into flour which is
made into unleavened bread called roti or chapati. 
Maldandi-35 sorghum grown in the postrainy
season is the most preferred cultivar for roti 
quality. The kernels of Maldandi are large, w i th a 
thin white pericarp and an intermediate endos-
perm texture. The characteristic size, shape, and
luster of Maldandi grain sets the standard for
sorghum quality in India. Maldandi types of
sorghum cost the most in the grain markets. Grain
from the new improved hybrids has, in general, a 
relatively poor roti quality and demands a lower
price.
Consumer cooking trials, laboratory taste
panels, and standardized roti making procedures
have consistently shown that sorghum cultivars
produce rotis wi th vastly different acceptabilities
(Rao et al. 1964; Rao 1965; Anantharaman 1968;
Viraktamath et al. 1972; Waniska 1976; Murty and
House 1980; Murty et al. 1982a).
Murty and Subramanian (1982) used a standar-
dized procedure to produce roti from different
sorghum cultivars. Taste panel tests using sor-
ghum consumers as panelists clearly documented
that variation among sorghums that had accept-
able evident quality existed. Murty et al (1982a)
observed that the kneading and rolling quality of
the dough and the taste, aroma, texture, and
keeping quality of the roti varied among the
several hundred cultivars studied. Typical variation
among some pearly white cultivars is presented in
Table 1. In general, roti made from grains with a 
pale yellow-white color, wi th an intermediate
endosperm texture, without a subcoat and wi th a 
thin pericarp had acceptable organoleptic quality.
Presence of a tough, leathery pericarp produced
rotis wi th inferior texture and flavor. Floury grains
produced a poor quality dough while waxy grains
produced a sticky dough and gummy rotis. 
The physical and chemical properties of sor-
ghum that significantly affect roti quality are only
partially understood (Murty et al. 1982a; Subrama-
nian and Jambunathan 1982).
Tortilla
Tortilla, a form of unleavened bread usually
prepared from alkali cooked maize, is consumed
in Mexico and Central America. However, in some
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3. Thick porridge —to, tuwo. ugali. 
bogobe, sankati 
4. Thin porridge —ogi. ugi. ambali, edi 
5. Steam cooked pro- —couscous, wowoto, 
ducts noodles
6. Boiled sorghum —soru
7. Snack foods —popped sorghum
8. Alcoholic and non- —burkutu, busa, ting, 
alcoholic beverages obushera. abrey 
Leavened Breads
Injera
Sorghum is consumed in Ethiopia in the form of a 
thin leavened bread called injera. The grain is
milled into flour which is mixed with water and a 
starter culture and the mixture is then stored for 2 
to 3 days. Cooked sorghum flour is added to the
batter just prior to pouring it onto a hot griddle for
cooking. The thin pancake is flexible, has a large
number of evenly spaced "eyes" on the surface
and remains flexible after overnight storage.
Poor texture is the major factor that limits the
acceptability of many sorghum cultivars for injera 
(Gebrekidan and Gebre Hiwot 1982). Soft endos-
perm types with white or red pericarp, regardless
of subcoat presence, produced the best injera. 
However, brown sorghums with high levels of
tannin produced unacceptable injera. Among the
soft sorghum varieties that appeared the same
visually, significant differences in keeping prop-
erties of injera were observed (Table 2). A high
yielding sorghum cultivar (Gato-994) from the
Ethiopian Sorghum Program was not grown by
farmers primarily because it produced poor quality
injera (Gebrekidan and Gebre Hiwot 1982).
Kisra
Kisra is a leavened sorghum bread made from
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countries sorghum or blends of sorghum wi th
maize are made into tortillas. Bazua et al. (1978)
and Khan et al. (1980) found that color was a major
factor limiting the acceptance of sorghum tortillas. 
Khan et al. (1980) described laboratory methods
for tortilla evaluation and noted that color of
sorghum tortillas made from 38 cultivars varied
from a light yellow to dark greenish brown. The
cooking t ime and the wet milling properties of the
nixtamal were affected by grain size, texture and
structure. Sorghum grains without a subcoat, wi th
intermediate texture, colorless pericarp, and low
polyphenol content produced the best tortillas. 
Sorghum kernels wi th visually similar characteris-
tics have significantly different tortilla making
potential (Iruegas et al. 1982; Khan et al. 1980).
Table 1. Roti quality characters of sorghum cultivars wi th pearly white grains w i th 4 0 - 6 0 % corneous
endosperm.
RotiD
Rollinga Colorc Taste Texture Aroma Keeping
Genotype quality quality
M-35 -1 (Check, PS . Mohol) 2 2 3 144 1.3 1.4 1.1 2.0
CSH-8 23.0 118 2.0 2.0 1.8 2.2
Local Market (Maldandi) 23.2 144 1.3 1.3 1.0 1.8
SPV-101 23.2 144 2.1 2.4 1.5 2.0
SC-423 22.9 144 2.6 2.7 1.7 3.5
SC-110-1.14 22.8 118 2.9 3.3 2.1 3.0
8 2 7 2 - 1 22.9 144 2.3 2.7 1.8 2.3
M.36116 22.2 143 1.3 1.4 1.0 2.3
M.36270 21.6 143 2.0 2 2 1.0 3.0
5 2 - 1 22.5 144 1.3 1.6 1.0 1.5
285 (R. Nagar) 22.3 144 1.3 1.6 1.0 1.5
SEM ±0.1 ±0.1 0.04 0.04 0.03 0.04
a. Evaluated by measuring the diameter of the roti obtained by continuous rolling of dough f rom 30g flour w i th a pin until the roti 
breaks.
b. Based on the scores of a trained taste panel of five members on rotis made from grain samples of the postrainy season harvests
g rown at ICRISAT Center, 1978. Taste, texture, and keeping quality were scored on a scale of 1 to 5 (1 = good) whi le aroma was
scored on a scale of 1 to 3 (1 = good),
c. All color codes refer to wh i te or pale yel low grades of Munsel l 's Soil Color Charts (1975).
whole sorghum flour that is popular in the Sudan.
In South India, a similar product called dosai is
prepared. Information on variability for kisra quali-
ty characters among sorghum cultivars is limited.
The kisra quality parameters of the 25 sorghum
cultivars from the International Sorghum Food
Quality Trials was determined (Murty and House
1980). In general, kisra made from grains wi th
cream color and less than 4 0 % of the endosperm
corneous had the best texture and keeping
properties. Genotypes with high tannin and phe-
nol content were rejected in the consumer tests.
for purposes of grain quality evaluation, must be
divided into three groups. A fourth group would be
fermented porridges which we will cover sepa-
rately. Our current information suggests that acid,
fermented, and neutral porridge quality are similar
but alkaline porridges are different. For example,
E35-1 makes good acid and neutral td, but alkali
to of E35-1 has poor keeping properties.
Acid Porridge
Sorghum is consumed in Upper Volta in the form
of a thick porridge called td and is prepared using
tamarind water, i.e., an acidic pH. Pattanayak
(1977, 1978) reported that the best quality td is
produced by the West African local varieties wi th
a white pericarp and highly corneous endosperm.
Td made from introduced cultivars was frequently
soft and sticky wi th poor keeping quality. In
addition, the introduced cultivars had a softer
endosperm texture, which greatly reduced yields
of decorticated grain. The combination of poor
milling properties wi th poor td texture severely
limits potential production of the introduced
varieties. We now have sufficient information and
laboratory techniques to select varieties wi th
576
Thick Porridges
The use of sorghum to prepare thick porridges
which are consumed wi th various sauces, stews,
and soups is of major importance in Africa and
India. In general, the porridges can be classified
into porridge with acid, neutral, and alkaline pH.
The pH used to prepare the porridge significantly
affects texture, taste, color, and keeping quality of
the product (Scheuring et al. 1982; Da et al. 1982).
Alkali pH affects the color and texture of the
porridge most significantly. Thus, the porridges.
Table 2. lnjera quality parameters of selected sorghums from the International Sorghum Food Quality Trials
in 1980.
Injera
Genotype Grain Softness Color Taste General desirability and remarks
M-50009 Pearly whi te,
hard
soft whi te very good Trace of bitter taste
M-50013 " dry bright whi te good Tastes and looks like maize injera 
M-35052 " dry whi te poor Has maize taste
M-50297 " dry yellowish poor Dries too fast
CS-3541 " dry whi te poor Overall poor
Market-1 Whi te, hard dry whi te bad Bad aroma and taste but good eyes
CO-4 Red very soft reddish very good Very good
WS-1297 Chalky whi te very soft brownish excellent Similar to teff, excellent
(check) subcoat present
IS-7035 " dry reddish very good Eyes are as good as teff 
IS-7055 Brown
subcoat present
dry reddish bad Very bad eyes
IS-2317 Whi te
subcoat present
dry reddish bad Bad aroma and taste but good eyes
Source: Gebrekidan and Gebre Hiwot (1982).
good td quality in the breeding programs. T6
properties varied considerably among grains that
had similar visual characteristics (Table 3).
Neutral pH Porridge
The use of sorghum flour from dehulled or whole
grain to produce a porridge without acid or alkali
addition is quite common. Information on td made
with water at nearly neutral pH is available
(Obilana 1982; Boling and Eisener 1982; Murty
and House 1980; Akingbala et al. 1981 a,b; Murty
et al. 1982 b).
Taste panels were conducted on ugali samples
from 108 sorghum cultivars (Murty and House
1980), which were prepared using a standard
procedure. The results indicated that the color,
keeping quality, and texture varied greatly wi th
the sample population. A pale yellow or whi te
ugali wi th little tackiness was preferred, although
a light red ugali was acceptable provided that its
taste, texture, and keeping properties were good.
Highly corneous grains were found to yield the
best ugali product. Grains wi th a waxy endosperm
produced a thin product. Desired ugali qualities
were associated with thick and viscous gel
properties. Sorghums with similar visual prop-
erties differed in ugali properties (Table 4).
Sankati, a porridge made in South India was
made from the ISFQT samples (Table 5). The
desired quality characteristics were similar to
ugali. Desikachar and Chandrasekhar (1982) found
that sorghums with good quality for making
porridges produced rotis wi th poor quality, which
was similar to the observations in the ISFQT data.
In Tanzania and Nigeria, some new improved
varieties have not been accepted for production
because of either poor endosperm recovery or
poor porridge making quality (Eggum et al. 1982;
Obilana 1982). Some of the varieties, which
matured early, were severely damaged by molds,
and were too soft to mill. These observations
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Table 4. Variation for ugali quality characteristics among cultivars wi th whi te pericarp and corneous
endosperm.a
Genotype Color appeal Taste Texture Keeping quality
E 3 5 - 1 1 5 1.8 1.5 2.0
IS-5341 1.5 1.8 1.6 2.4
UChV2 2 4 2.4 2.2 1.8
IS-6928 1 5 2.0 1.6 1.9
E-6954 2.0 2.1 1.9 1.9
IS-2550 2.0 2.2 2.3 3.4
a. Average of independent scores of taste panel tests conducted in 1979 and 1980 on a sclae of 1 to 5 (1 = good) (Murty and House
1980).
Table 3. Cultivar differences for acidic td quality among visually similar, whi te and corneous endosperm
types. '
Genotype Color Taste Texture Keeping quality
M-50013 1.8 2.5 2.7 1.7
S-29 (Check) 1.8 1.9 1.7 1.8
SPV-8 1.4 2.0 1.6 1.3
IS-5758 1.2 2.0 1.8 3.1
IS-5452 2 2 1.7 1.9 3.0
CSH-6 1.5 1.7 2.0 2 4
SFV-352 1.7 3.0 2.9 2.6
a. Average of taste panel scores given by six Voltaic trainees on a scale of 1 to 5, where 1 is good (Murty and House 19801).
emphasize the importance of routine selection for
food quality in breeding programs.
Alkaline Porridge
Alkali from ashes is used to cook sorghum flour
into td in Mali and parts of Nigeria and Upper
Volta. The quality of the local Malian sorghum
cultivars for making td is excellent; but nearly all
exotic sorghums produce poor quality td (Schem-
ing et al. 1982). In addition, local Malian varieties
produce to wi th good keeping characteristics over
a broad pH range while some improved varieties
are extremely sensitive to changes in pH. The
observations in Mali have been confirmed by
laboratory studies wi th Upper Voltaic sorghums
(Da et al. 1982). Environmental factors significant-
ly affect the quality of sorghums for use in alkali td
(Scheuring et al. 1982).
Laboratory methods using grain from a single
head of sorghum have been developed for thick
porridges (Da et al. 1982). They wil l permit milling
quality evaluation as well as evaluation of td
texture. Scheuring et al. (1982) used a simple
method based on cooking ground whole grain in
alkali to produce td and evaluating td firmness
subjectively after overnight storage.
a highly consistent thick gel after cooling over-
night. In general, sorghums with acceptable thick
porridge quality wil l make acceptable thin por-
ridges.
Fermented Porridges
Many porridges, thin and thick are made by
fermenting either whole grain or flour from
sorghums. Ogi production has been discussed by
Obilana (1982) and Akingbala et al. (1981 a,b). The
brown sorghums produced low yields of ogi w i th
poor organoleptic properties. White or red sor-
ghums produced the best ogi, wi th white prefer-
red. Often, ogi is used as a thick porridge and
stored where upon its quality parameters effec-
tively resemble those of acidic porridges.
Boiled Sorghum Products
Pearled sorghum kernels are often cooked and
used as a substitute or extender for rice. In Mali,
coarse grits from a special kind of local sorghum
called kinde (margaritiferum) is used for produc-
tion of rice substitutes. Annam or soru (Table 6)
properties of sorghum cultivars varied consider-
ably among genotypes (Subramanian et al. 1982).
In general, a sorghum that cooks, looks, and
tastes like rice is preferred. Thus, kernels wi th a 
corneous endosperm and white pericarp are
preferred. Cooking t ime ranged from 54 to 114
min while the volume after cooking increased
from 100 to 273%. The increase in cooked grain
volume was positively related to grain density.
Keeping quality of the soru differed among sor-
ghum samples wi th similar appearance (Table 6).
Sorghums w i th light red pericarp produced
acceptable products.
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Thin Porridges
Ugi is a thin porridge consumed in several
countries of East Africa. Generally, a cream
colored, smooth f lowing product wi th a character-
istic sorghum aroma is liked (Murty and House
1980). Ugi made from sorghums wi th a subcoat or
brown pericarp tasted bitter. Another significant
variation among cultivars for ugi quality was the
gelling property of cooled ugi. Good ugi produced
Table 5. Sankati quality characteristics of sorghums wi th visually similar grain properties.
a
Genotype Color Taste Texture Keeping quality
M-35-1 1.9 1.8 2.5 2.5
CSH-5 1.3 1.3 1.7 1.9
M-50009 1.4 1.7 2.0 3.0
M-50013 1.5 1.8 1.5 1.7
M-35052 1.3 1.8 2.5 2.3
M-50297 1.6 1.7 1.8 1.8
a. Average scores given by five and six farm workers at t w o locations. Bhavanisagar and Anantapur (S. India), respectively (replicated
twice) on a scale of 1 to 5 (1 = good). (Murty et al 1982b).
Snack Foods—
Special Sorghums
In India, special sorghum cultivars have been
puffed or popped (Ayyangar and Ayyar 1936;
Desikachar 1980). Sorghum lines wi th excellent
popping properties and other special uses were
discussed by Prasada Rao and Murty (1982).
Generally, the pop sorghums have a low germ to
endosperm size ratio. The kernels are small wi th a 
medium thick white pericarp and corneous endos-
perm. Popping, although common in India, is
seldom used to process sorghum in Africa. In
India, the popped sorghum is often used to
produce other snacks and in special foods pre-
pared for children.
Sorghum Food Quality
Classification
Data from the ISFQT has permitted an overall
evaluation of whether it is possible to breed
sorghums that have properties which would
permit their use for almost all sorghum foods. The
average acceptability scores of the various sor-
ghum foods evaluated in the ICRISAT collabora-
tive ISFQT are presented in Table 7. In general,
varieties like CSH-5, M-50009, Mothi, and M35-1
which had pale yel low/white grains with 6 0 - 7 0 %
corneous endosperm produced products wi th
acceptable quality for all the food systems. The
effect of local conditions might change the accep-
tability drastically due to grain molds and other
factors.
The specific food qualities of sorghum cultivars
were related to kernel texture and pericarp thick-
ness. Kernels with a thick pericarp and corneous
endosperm texture had the best hand milling
properties while the floury grains were in general
rejected. The pearly grain types were not readily
accepted by consumers using hand milling since
they required more effort in decortication, but
they can be mechanically milled to produce
excellent products.
Grains with 6 0 - 1 0 0 % corneous endosperm
were preferred for the preparation of stiff por-
ridges like td, ugali, bogobe, sankati, and for
rice-like products. Grains wi th 2 0 - 4 0 % corneous
endosperm were suitable for preparation of kisra 
and injera. Kisra is mainly produced from ground
whole grain fermented for about 24 hr. So the
inability to decorticate floury sorghum is not
important. A similar situation exists in Ethiopia
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S t e a m Cooked Products
Couscous is a granular product made by steam
cooking agglomerated sorghum flour. It is popular
in several West African countries. Sidibe et al.
(1982) reported that a good couscous should
neither be sticky nor dry. They found that the local
dagafara sorghums with vitreous grains yielded
more couscous product per unit of flour than other
sorghums, and that the cohesion and integrity of
the granules from dagafara flour were generally
more desirable. All sorghums that produce
acceptable td produce acceptable couscous. There-
fore, selection for td quality may preclude the need
to select for couscous quality. More information is
required to determine if our current information is
correct.
Table 6. Quality parameters of soru from cultivars wi th visually similar characteristics.*
Genotype Color Taste Texture Keeping quality
M-35 -1 1.7 1.2 1.1 1.6
M-50009 1.5 1.5 1.8 1.7
M-50013 1.3 1.5 2.0 2.1
M-50297 1.6 1.8 2.0 1.3
S-29 1.1 1.2 1.2 1.2
CS-3541 1.1 1.7 1.8 1.9
Market-1 1.5 2.0 2.0 1.8
a. Soru samples were evaluated by six farm workers at Bhavanisagar (S. India) on a scale of 1 to 3 (1 = good) (Subramanian et al.
1982).
Table 7. Overall acceptability of traditional milling quality and a range of food products made f rom 25 sorghum cultivars.
a, b 
Roti Alkali Acid Fermented
Endospermc Milling (1979 Tortilla Injera Kisra Ugali td to Bogobe Bogobe Sankati Soru
S. no. Genotype texture quality & 1980) (1979) (1980) (1979) (1979) (1979) (1980) (1979) (1979) (1980) (1980)
1 M 3 5 - 1 3.0 3.0 1.0 1.5 1.5 2.2 1.5 1.0 2.2 2.0 1.4
2 CSH-5 2.0 1.5 1.0 1.2 2 0 2.3 2.0 1.0 1.9 1 1 1.0 1.4
3 M50009 2.0 1.7 1.5 1.5 1.5 3.4 2.5 5.0 1.7 — 1.5 1.6
4 M50013 2.0 2.5 1.5 1.5 3.0 2.7 2 5 1.0 2.2 — — 1.0 1.7
5 M35052 2.0 2.5 2.5 1.5 4 0 2.8 1.5 1.0 1.4 1 1 2.2 1.6
6 M50297 2.0 2.0 1.5 3.0 4 0 2.2 2.3 1.0 2.5 — — 1.0 1.7
7 P721 5.0 5.0 5.0 4.0 4.5 2.5 4.0 5.0 3.0 — — 4.0 2.0
8 CO-4 3.0 2.0 3.0 4.0 1.0 2.0 2 7 1.0 2.7 1 1 2.5 1.5
9 P. Jonna 3.0 2.0 3.0 4.0 4.0 2 1 2 5 1.0 3 0 — — 2.5 2.4
10 Mothi 2 0 1.3 1.5 2 0 4.0 2.5 1.2 4.0 2 2 — 2.0 1.5
11 E-35-1 1.0 2 5 1.5 2 0 3.0 2.1 1.5 2.0 1.1 1 1 2.0 1.6
12 IS158 (waxy) 3 0 4.0 3.0 5.0 4.3 5 0 5.0 4.0 — — 5.0 2.4
13 WS1297 4 5 3.0 4.0 5.0 1.0 3 8 4 0 1.0 3.7 — — 4 0 2.3
14 Swama 2.0 3.0 1.0 4.0 1.5 2.7 2 0 1.0 3.5 1 1 2.5 1.8
15 S-29 1.5 1.0 2.5 2.5 4 0 2 0 1.5 1.0 1.2 3 1 2.0 1.1
16 S-13 1.0 1.5 2.5 2.5 3.5 3.2 1.5 1.5 1.5 1 1 1.7 1.3
17 IS2317 3.0 4 0 3.5 4.0 4.5 2 6 3 5 1.0 2.2 — — 3.0 1.5
18 IS7035 3.0 4 0 3.5 4.0 3.5 3 1 3.5 1.0 4.0 1 3 3 0 2.5
19 IS7055 3.5 4 0 4.0 4.0 4.5 3.4 3.5 1.0 4.2 1 3 3 5 2.0
20 IS9985 3.5 2 5 1.5 2.5 1.5 2.7 2 5 1.5 1.5 1 1 3.0 1.9
21 IS8743 3 0 2 0 3.5 4.0 1.5 3.3 3.0 1.7 4 0 — — 3.0 2 0
22 Dobbs 4.0 5 0 5.0 5.0 5.0 4.4 5.0 3.0 3 2 3 3 5.0 3.0
23 CS3541 2.0 1.7 2.5 2.0 4.0 3 0 2.5 2.0 2.7 — — 2.0 1.6
24 Segaolane 2.5 2.0 1.5 1.5 2.0 3.3 2.3 1.7 1.6 1 1 2.0 1.6
25 Market-1 1.0 1.2 2.0 3.0 4.5 — 1.5 1.5 1.0 — — 2.0 1.8
a. Data f rom International Sorghum Food Quality Trials. The original data sources are as fo l lows: Roti— D. S. Murty ; Tortilla—L. W. Rooney, A. Iruegas, and G. Vartan; Injera—B. 
Gebrekidan; Kisra— H. Perten and S. Badi; Ugal i—D. S. Murty ; Alkali t o — J . Scheuring; Acid t o — S . Da and C. Pattanayak; Bogobe— N. Eisener; Sankati and Soru— D. S. Mur ty ;
Fermented Bogobe—N. Eisener. (Murty and House 1980)
b. Original data obtained on various quality parameters of each food product were averaged to give an overall score.
c. Endosperm texture was scored on a scale of 1 to 5 where 1 = completely corneous and 5 = completely floury.
where the sorghum flour is fermented for more
than 48 hr to prepare injera. Grains with an
intermediate texture were the most suited for
producing unleavened breads (tortilla and roti). 
Therefore, sorghums can be grouped into classes
depending upon texture of the grain similar to the
USDA wheat classes. The soft sorghums would
be most desired for leavened breads while the
hard sorghums would be the most useful for
porridges and rice-like products. The intermediate
class could be most useful for unleavened breads.
In general, the brown sorghums with testa and
spreader genes were unacceptable for all pro-
ducts evaluated. The presence of red or yellow
pericarp did not adversely affect acceptance of
most of the products as long as taste, texture, and
keeping quality were acceptable. For example, in
leavened breads, sorghums with a subcoat made
acceptable products. The preferred color of por-
ridges is white or yellow, but porridges from red
sorghums are consumed. Even brown sorghums
are consumed as porridges in some areas. Thus,
color is not of critical importance in many of the
rural food systems. However, color is critical for
the unleavened breads, especially tortillas. On the
other hand, if sorghum products are going to
compete wi th maize and wheat foods in urban
areas, a whi te color is needed for acceptance.
Effect of Environment
on Food Quality
Genotype x environment interactions affect the
chemical composition, physical properties and
food quality of sorghum (Hulse et al. 1980;
Shepherd 1982; Reichert et al. 1982; Rooney et
al. 1980). It is clear that these interactions must be
considered in sorghum quality testing programs
as they are for other cereals (Heyne and Barmore
1965; Juliano 1979).
Environment significantly affects the quality of
roti (Murty et al. 1982a), tortillas (Khan et al. 1980),
and alkali and acid td (Scheuring et al. 1982; Da et
al. 1982). The variations in quality are affected by
drought, molds, weathering, insects, leaching of
pigments and other factors. In general, the local
varieties produced the most uniform quality td
over different environments while introduced
varieties varied greatly. The effect is on milling
properties as well as organoleptic properties such
as taste, color and texture, (Scheuring et al. 1982;
Rooney et al. 1980).
Tests to Predict the
Quality of Sorghum
It would be useful to identify simple physico-
chemical tests that could predict the quality of
sorghum varieties for use in foods. Such tests
have been used effectively for evaluating wheat
and rice quality (Heyne and Barmore 1965; Juliano
1979). A major problem limiting the development
of quick tests to predict sorghum quality was the
lack of clearly identified cultivars with good and
poor quality.
A m y l o s e
The amylose content of sorghum does not vary as
much as that of rice and has not been clearly
shown to be related to food quality (Akingbala et
al. 1982; Waniska 1976; Subramanian and Jambu-
nathan 1982). The amylose content of 495 non-
waxy sorghum genotypes varied from 20 to 3 0 %
of the starch in the endosperm. Additional infor-
mation to determine the potential value of amy-
lose content is needed; but, amylose content of
sorghum does not appear to be as important as it
is for rice quality evaluation.
Alkal i Tests
A test to predict the color of tortilla and alkali to by
soaking five kernels of sorghum overnight or by
boiling for 2 hr has been used by Khan et al (1980).
The color of the cooked kernels or steeped
kernels was evaluated subjectively by comparing
with known standards. A variation of this method
has been used by Iruegas et al. (1982) in Mexico.
Waniska (1976) modified the alkali spread test
that has been used successfully with rice by
applying the alkali to milled kernels of sorghum.
The method clearly distinguished waxy from
nonwaxy kernels, but could not make clear
distinctions among the ISFQT samples. A major
problem may be the variability in milling damage
to the decorticated sorghum kernels which
causes variation in the rate of alkali absorption.
Gel Spread Tests
A number of tests based on gelatinization of flour
water dispersions followed by measuring the
consistency of the gel. appear promising but must
be evaluated more carefully (Mur tye t al. 1982c;
Da et al. 1982). A significant association of
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swelling power and starch solubility wi th the
cooking properties of boiled sorghum was re-
ported (Subramanian et al. 1982). However, the
correlations are low, and more information is
required to evaluate the potential of these tests.
Amylograph Cooking Characteristics
of Starch and Flour
The amylograph cooking characteristics of sor-
ghum starches and flour have been tentatively
related to food quality of sorghum (Waniska 1976;
Akingbala 1980). The setback viscosity of the
sorghum starch and flour was high for sorghums
with acceptable thick porridge making quality and
was low for sorghums with acceptable roti mak-
ing properties. Similar observations were re-
corded by Desikachar and Chandrasekhar (1981).
Flour Particle Size
The particle size distribution and starch damage in
a flour affect the quality of the flour significantly.
Murty and House (1980) studied the flour particle
size index (PSI) of several cultivars using the
method of Waniska (1976) and found a range of
2 5 - 8 0 PSI among genotypes. PSI values were
affected by grinding and sieving methods and
were subject to considerable errors. However, the
PSI was correlated consistently wi th the texture
of the endosperm. Particle size measurements
are important and should be given a high priority in
future research in sorghum quality testing proce-
dures.
Percent Water Absorption
and Water Uptake
The amount of water absorbed by the grains after
soaking them in water for 5 hr at room tempera-
ture has been expressed as percent water absorp-
tion (Murty and House 1980). This parameter
showed a broad range of variation among various
grain types and was negatively correlated wi th roti 
quality. Desikachar and Chandrasekhar (1982)
found that water uptake of flour was related to
dough and roti quality.
Texture Evaluation by Objective Tests
The single most critical property of sorghum foods
that affects their acceptance is related to texture.
Simple objective methods to measure texture are
needed and are not readily available. Keeping
quality is a critical factor that relates to texture
measurements. The Instron universal testing
machine has been used to measure texture of to.
tortillas, and roti, and the hardness of individual
sorghum kernels (Waniska 1976; Da et al. 1982;
Johnson et al. 1979). However the Instron is an
expensive sophisticated instrument that requires
considerable expertise to operate. It is not practi-
cal in routine plant breeding programs. But, it is
extremely useful to determine basic information
on texture. Then the basic information can be
used to develop "quick and dirty" tests that can
provide screening techniques.
A few simple tests have been applied to
sorghum td (Waniska 1976; Akingbala 1980; Da
et al. 1982) such as the stickiness measured using
double pan balance and softness using a penetro-
meter. Both techniques can be used to distinguish
between td samples prepared from a single head
of sorghum. The penetrometer provides a relative-
ly low cost objective method which can improve
upon the use of subjective methods.
Color Measurements
The Hunter Colorimeter, Agtron and other instru-
ments can be used to measure color objectively in
terms of reflectance, " a " , and " b " values that
measure the intensity of the primary colors. The
instruments are expensive, require sophisticated
maintenance, constant voltage, and are in general
impractical in routine breeding programs. An
effective inexpensive method is to compare the
color of the product wi th that of standard color
charts. Murty et al. (1979) have used the Munsell
soil color charts to describe the colors of roti. A 
standard set of colors representing the range
observed for the particular food product can be
purchased inexpensively and easily. The correct
Munsell plates can be selected by using an
instrument to determine the range in color values
for an array of the specific foods, or the soil color
charts can be compared until the appropriate color
match is obtained (Rooney and Murty 1982).
Endosperm Texture and
Hardness of Grain
The proportion of floury versus corneous endos-
perm in the kernel is called endosperm texture.
Endosperm texture is related to hardness, milling
properties and cooking characteristics of the flour.
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The most common method to evaluate endos-
perm texture is to cut 10 to 20 individual, sound
representative kernels wi th a pocket knife. Then,
the relative proportion of corneous to floury
endosperm is rated subjectively on a scale of 1 to
5, where 1 = 81 to 100% corneous, 2 = 61 to
80%, 3 = 41 to 60%, 4 = 21 to 40%, and 5 = 0 to
20%. The texture of the endosperm is subject to
environmental effects; variation among individual
grains within a sample is common. In some
samples, 20 or more kernels are sampled to
secure an average value. Sophisticated laboratory
facilities are not needed to do this and consider-
able progress can be made by using it in selection
programs.
More accurate measurements of texture have
been made by Munck et al. (1982) and Kirleis and
Crosby (1982) who measured the relative propor-
tion of corneous to floury endosperm in individual
kernels. In Munck's procedure, highly sophisti-
cated equipment is required which limits its
application to basic research only. The Vicker's
hardness tester can measure the hardness within
individual endosperm cells (Munck et al. 1982).
Endosperm texture is related to various indices
of grain hardness which have been developed
using standard milling and sifting procedures
(Maxson et al. 1971) or, alternatively, by recording
the t ime required to dehull a standard quantity of
grain to a specified level and recording the extent
of breakage in the recovered endosperm (Oomah
et al. 1981; Shepherd 1979). Although these
measurements are subject to errors due to the
interaction of grain shape wi th the abrasive
mechanism, they seem to be quite reliable and
are related to endosperm texture scores or
breaking strength measurements taken with the
Kiya rice hardness tester. Kernel shape affects the
measurements taken wi th the kiya tester; flat and
turtle beaked sorghum kernels frequently give
erroneously high values (Murty and House 1980).
Selection Criteria for Breeders
Crop improvement programs generate a range of
segregating material by making crosses between
lines possessing good agronomic characters, dis-
ease and pest resistance, drought resistance, etc.
These programs are confronted with the problem
of choosing and advancing families which com-
bine several economic characters, including food
quality. Currently, there are no clear-cut methods
to assist sorghum breeders to select for good
food quality, as there are in wheat and rice
breeding programs. Breeders in national or region-
al programs may select cultivars suitable for a 
particular product, while those in international
programs may find it necessary to identify culti-
vars that are suitable to make a range of foods.
Obviously, from the review made earlier, for most
sorghum foods there is no clear identification of
the physico-chemical properties of the grain that
can be used to predict preferred quality, although
several tests of possible significance have been
reported. Simple tests tailored for laboratory use
are urgently required to permit rapid progress in
breeding for food quality in the developing coun-
tries.
An outline of a general scheme for quality
testing in a breeding program is presented in
Figure 2. Our experience indicates that consider-
able progress in quality breeding is possible by an
empirical selection of the precise endosperm
texture, while the food technologists and chem-
ists continue research into the development of
objective physico-chemical quality tests.
Selection in the F2 generation should be for
those grain characters which are controlled by
major genes (Rooney and Miller 1982) such as
colorless (rryy or R-yy?) and thin pericarp (Z-),
absence of testa (b1 b1 or b2 b2), endosperm
texture, and tan plant color (pp-). These characters
could be selected by subjective methods in the
field. A laboratory is not required. Where the
sorghum crop is expected to mature towards the
end of the rainy season, grain mold resistance is
an important selection criterion. Grain quality
characters, associated with the preferred food
quality traits and mold resistance, may not neces-
sarily be the same and the best recombinants
which combine these two characters should be
chosen. Grain of individual F3 selections from the
off-season crop could be used for laboratory tests
of KOH color reaction. Since grain quantities
might be limiting, samples from selections in the
F4 and F5 generations might be used either for the
study of gel viscosity or milling and flour quality.
The evaluation of the qualities of the product per
se needs to be done only on those entries which
are selected for improved yield, adaptation, etc.
It is important that assessments on the food
product be conducted with grain harvested in the
main crop season for which the variety is in-
tended. Consumer tests at the farmer's level
should use only the most promising cultivars from
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multilocation tests of yield and adaptation. The
most preferred local varieties should always be
included in these tests for comparison. This
scheme could be modified to suit the major
objectives of any breeding program involved in the
improvement of yield-limiting factors like disease
and pest resistance.
Food Technology and
Sorghum Improvement
Future sorghum utilization can be increased most
effectively through a combination of innovative
new processing techniques along wi th- the de-
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Figure 2. A proposed scheme for use in a breeding program to select for good food quality. 
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velopment of sorghum varieties wi th characteris-
tics that wil l be utilized most effectively in the
new processes. New milling techniques have
been developed recently (Reichert 1982; Munck
et al. 1982). The successful development of small
mills that will supply stable sorghum products to
urban consumers will increase the acceptability of
sorghum for foods. The improved milling proces-
ses will circumvent some undesirable features of
sorghum and wil l affect the kernel characteristics
desired. For instance, the best sorghum for milling
wil l probably have a softer endosperm texture
than currently desired which will save in proces-
sing costs because the soft endosperm can be
more easily broken down into flour or desired
milled products.
Effect of Industrial Use
on Quali ty Attr ibutes
In the future sorghum will increasingly be used for
industrial processing into flour, grits, and other
products which will be used for production of
various foods using blends of maize, wheat, and
other commodities (Rooney et al. 1980; Miche et
al. 1977). This trend is currently under way. For
example, sorghum grits are used widely in Mexico
as an adjunct in the brewing of European types of
beer(Aldape 1981) and a number of food products
from malted sorghum are sold commercially in
South Africa. Recently, in Central America some
efforts have been made to replace imported oats
with sorghum flakes as a breakfast food. The
development and initial testing of "pearl durra" in
the Sudan looks promising (Badi et al. 1981).
Thus, although the actual use of sorghum in
processed products is small, the interest and
ability to make commercial products is advancing
steadily.
The widespread industrial processing and use
of sorghum will produce increased demands for
higher quality sorghums, and quality will change
as consumers adjust and become familiar wi th
processed products. Novellie and co-workers
have successfully scaled up the sorghum beer
process from a small village process to a large-
scale modem industrial procedure with the pro-
duction in S. Africa of 3 million liters annually,
which is equivalent to the European beer pro-
duced in S. Africa (Joustra 1981. personal com-
munication). The local beer contains a significant
amount of solids which contribute to the nutrition-
al well-being of the consumer.
Currently consumers prefer sorghum beer that
is light pink with a foam on top of the beer. This
beer is made by using 10% sorghum malt that has
been soured through lactic acid fermentation,
which is mixed with 65% maize grits, cooked, and
then mixed with 25% sorghum malt for convert-
ing the starch into fermentable sugars. Then, the
mash is strained and fermented wi th yeast for
2 - 3 days and drunk while active fermentation is
occurring. Because 65% of the cereal ingredients
are maize grits, the beer has a light pink color wi th
a slight foam on top. The reason the maize grits
were used early in the industrial process was
because inexpensive maize grits were available.
Now sorghum is much cheaper than maize, but it
is not possible to switch back to a 100% sorghum
beer because the color is too dark and there is no
foam. The population has now accepted the
industrialized sorghum beer and evidently tradi-
tional sorghum beer of yesterday is not as
desirable. Ironically, projects underway in S. Africa
currently seek to process sorghum into refined
grits that will produce sorghum beer with light
color and the foam. Sorghum must be low in fat to
produce a beer with acceptable foam properties.
Clearly, similar changes in consumer preference
will occur in other areas of Africa as industrializa-
tion of sorghum occurs.
Future of Sorghum for Food
Production of sorghum will remain high and
probably expand in the future. Breeding of sor-
ghum wi th careful concern for its quality will
provide a useful grain for the new or modified
technological processes that will emerge. The
new processing systems will provide refined
sorghum and millet products to urban consumers
which will eliminate much of the daily drudgery
that is now associated with postharvest technolo-
gy of sorghum. Progress made in the past,
especially in the last 5 years, is encouraging and
suggests that in the 1980s we will meet many of
these objectives. A major reason for our optimism
is that many young scientists have been trained.
Hopefully, they will spearhead the efforts to
improve sorghums for food. Failure to do so wil l
be a disaster for the world.
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Sorghum Nutritional Quality-
Progress and Prospects
J. D. Axtel l , Gebisa Ejeta, and L. Munck*
The aim of this symposium is to assess the
current status of research on sorghum and to
discuss prospects and opportunities for further
research during the decade of the 1980s. Hulse,
Laing, and Pearson (1980) have recently published
an extraordinarily comprehensive and thorough
review entitled "Sorghum and the Millets: Their
Composition and Nutritive Value." Their introduc-
tion includes the following statement which we
believe sets the stage for the presentation of this
paper at this symposium. Hulse et al. (1980) state
that "Sorghum and the principal millets, apart
from their use in animal feeds, are the staple
foods of many of the world's poorest people:
people whose nutrient supply is invariably at risk.
The nutritional quality of the grains should there-
fore be a matter of primary consideration for all
those working towards their genetic and agrono-
mic improvement."
We will review briefly the status of current
research on nutritional quality of sorghum and
then focus on prospects and opportunities for
future research.
Basically sorghum contains just as high levels of
the major nutrients—starch (68-73%) and pro-
tein (9 -14%)—as the cereals which are consi-
dered the most nutritious. However, three major
factors complicate the full utilization of this rich
store of starch and protein.
First, protein and energy availability is limited in
some sorghum genotypes by the presence of
* Professor of Genetics, Dept. of Agronomy, Purdue
University, West Lafayette, Indiana 47907, USA;
ICRISAT Sorghum Breeder, ICRISAT Sudan Coopera-
tive Program, P.O. Box 126, Wad Medani, Sudan; and
Head, Dept. of Biotechnology, Carlsberg Research
Laboratory, Gamle Carlsberg Vej 10, DK-2500 Valby,
Copenhagen, Denmark, respectively.
International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings
Symposium on Sorghum, 2-7 Nov 81, Patancheru. A.P., India. Patancheru, A.P. India: ICRISAT.
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polyphenolic compounds (tannins) located primari-
ly in the testa layer of the grain. These pigmented
compounds are just recently being chemically
characterized (Butler 1982) and are traditionally
being referred to as "tannins."
Second, the protein quality of an all-sorghum
diet is limited by the low lysine content of the
grain which reflects the high prolamine content of
the endosperm. If one looks at the essential
amino acid composition of sorghum grain, in
comparison with monogastric nutritional require-
ments, it is obvious that lysine is deficient and that
there is a great excess of leucine in comparison
wi th isoleucine, while there are no major deficien-
cies in the other essential amino acids. We will
discuss two ways of solving the protein quality
problem in sorghum, i.e., breeding for high lysine
sorghum and dietary supplementation with pro-
teins, for example from legumes.
Third, there are specific dietary limitations in the
utilization of cooked and baked sorghum products
for humans due to factors such as the high
gelatinization temperature of the starch and the
high viscosity of the cooked products leading to
significant problems with regard to acceptability
and digestion. To cope with these problems, local
food preparation techniques have been developed
often relying on specific local varieties. In the
International Symposium on Sorghum Grain Quali-
ty (ICRISAT 1982) this interaction between food
habits and sorghum varieties was described, for
the first time, in a comprehensive way. Finally, we
wil l also find that processing of sorghum could
also be beneficial in animal nutrition.
T a n n i n s
Butler (1982) has presented an excellent review of
the biochemistry of sorghum tannins and polyphe-
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nols and of the effects of polyphenols on sor-
ghum grain quality. We will discuss some of his
basic observations on the interactions between
tannins and the nutritional value of sorghum grain
in relation to our own research and to the
scientific literature.
Oswalt first recognized that in vitro dry matter
digestibility (IVDMD) of sorghum grains varied
significantly between genotypes, and that the
catechin equivalent values for tannin content
were negatively correlated wi th IVDMD as shown
in Table 1 (Schaffert et al. 1974). This was an
extremely important observation because it ex-
plained the discrepancies which had previously
been observed between protein quality and biolo-
gical value in rat feeding experiments. Based on
the amino acid composition of sorghum grain, one
would predict that the biological value of any
particular variety of sorghum grain would be
directly proportional to its lysine content. This, in
fact, is true for low-tannin sorghum genotypes.
The data in Figure 1, however, illustrate that lysine
is not the first limiting component of biological
value for a group of high-tannin sorghum lines
from the world collection. There is an important
interaction between tannin content and protein
quality in sorghum which is not found in any of the
other major cereals. Cummings and Axtell (1973)
demonstrated this experimentally by feeding
whole grain and dehulled high-tannin sorghum
grain of IS 8260, as shown in Figure 2. Rat growth
is poor for the whole grain IS 8260, wi th and
without supplemental lysine. In contrast, denud-
ing IS 8260 grain improves biological value sub-
stantially, and also allows a significant rat growth
response to the addition of supplemental lysine. A 
similar technique was used in this study to
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determine the quantitative effects of tannins on
biological value. Using varying proportions of
high-tannin sorghum grain mixed wi th its dehulled
low-tannin counterpart, we were able to provide
diets containing a range of tannin content that
were essentially isogenic comparisons. Data from
this study are shown in Figure 3.
The protein digestibility and nutritional quality as
measured by rat weight gain are significantly
reduced by increasing levels of tannins in the diet.
We can conclude from Butler's (1982) data that
tannins bind specifically to proline residues in
proteins and thus to the storage proteins (the
prolamines) which are rich in proline but poor in
Figure 1. Relationship of biological value to 
lysine concentration (g/100 g sample) 
in high- and low-tannin sorghum lines 
from the world collection in a 14-day 
weanling rat feeding experiment. 
Table 1. Percent crude protein, 96 hr in vitro dry matter disappearance (IVDMD) and indigestible protein in
eight sorghum genotypes.
Genotypes
IS0062
IS0418
IS8165
IS0616
0.29
0.27
4.28
5.93
13.78 94.8a*
12.11 93.1a
11.26 88.8b
14.20 83.0c
1.13
1.62
2.80
4.73
* Means in a column followed by the same letter do not differ significantly at the 0 05 level of probability using Newman-Keul's test.
Catechin
equivalent
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Figure 3. Effect of tannin content (expressed as 
catechin equivalents) on the biological 
value of sorghum grain in a 28-day 
weanling rat feeding experiment. 
Figure 2. Biological value of whole and dehulled 
grain in high-tannin sorghum line IS 
8260 when fed to weanling rats with 
and without lysine supplementation in 
a 14-day feeding experiment. 
lysine. Nutritionally this binding leads to interest-
ing effects. Thus in rat trials Eggum and Christen-
sen (1975) found that the protein digestibility was
reduced but the biological value (BV), defined as
%N retained in the body of absorbed N , increased
due to moderate levels of tannins. This is due to
the selective binding of tannins to the low lysine
prolamines which then become unavailable thus
improving the amino acid composition of the
proteins which are left for the rat to digest and
absorb, finally resulting in an increase in BV.
It is very important to recognize the tannin
interaction wi th protein quality when assessing
the nutritional value of any grain sorghum variety,
since failure to consider the biological effects of
tannins has led to substantial confusion in past
studies of sorghum nutritional quality.
Future progress in research on tannins wil l
depend on a better understanding of the bioche-
mistry of sorghum tannins and their interaction
wi th seed proteins. Detoxification of sorghum
P r o t e i n Q u a l i t y
Two genetic mutants, one naturally occurring and
one induced, have been identified that increase
the lysine content of the sorghum endosperm and
improve protein quality of the grain. A brief review
of the origin of these mutants, and recent results
of experiments on the relationship between im-
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tannins by alkali treatment seems clearly benefi-
cial, which will be especially useful in animal feed
utilization. Research on removal of tannins from
the outer layers of the sorghum grain by decortica-
tion and milling will also provide an important
future solution to the problem for grains to be
utilized for human consumption (Munck et al.
1982).
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proved protein quality and total grain production in
sorghum, are presented.
Ethiopian High-Lysine Gene
Singh and Axtell (1973) screened about 10 000
entries in the World Sorghum Collection and
identified two floury endosperm varieties from
Ethiopia that contained a gene that significantly
increased the level of protein in the grain and also
increased the lysine concentration of the endos-
perm proteins. The screening process involved
cross-sectioning seeds from each entry to identify
those wi th floury endosperm phenotypes and
then evaluating grain samples f rom those
selected entries for protein and lysine concentra-
t ion. Sixty-two floury endosperm lines were iden-
tified, of which two (IS-11167 and IS-11758) had a 
significantly higher lysine content than normal
sorghum. These lines contain approximately 15
- 1 7 % protein in comparison wi th normal checks
averaging about 12% protein. The lysine content
of the Ethiopian high-lysine selections is approxi-
mately 3 . 1 % (expressed as percent of protein)
and 0.50% (expressed as percent of sample) in
comparison wi th normal sorghum values of 2.0
and 0.26%, respectively (Axtell et al. 1974). The
nutritional quality of the Ethiopian high-lysine grain
is also significantly higher than normal sorghums
in isonitrogenous rat feeding experiments (Singh
and Axtell 1973). It has been established that the
concentration of alcohol-soluble proteins is signifi-
cantly reduced in high-lysine endosperm, relative
to values present in normal sorghum endosperm
(Jambunathan et al. 1975).
Utilization of High-Lysine in Ethiopia
A collection trip was made in 1973 to determine
whether the high-lysine varieties identified in the
World Collection were being cultivated by farmers
in Ethiopia. The lines originally identified from the
World Germplasm Collection were obtained in
Wol lo Province in the central highlands of
Ethiopia. Farmers cont inue to g row these
varieties in mixed plantings of sorghum varieties
in this area of Ethiopia. A large number of varieties
similar to the original high-lysine variety was
collected in addition to an equivalent number of
normal varieties for comparative purposes. Ejeta
(1976) has evaluated the protein and lysine
content of grain from high-lysine and normal
varieties grown under actual field conditions in
Ethiopia. Figure 4 illustrates the lysine and protein
concentration in this series of high-lysine and
normal sorghum varieties. The mean lysine con-
centration, expressed as percent of protein, was
2.88 for the high-lysine entries and 2.17 for the
normal sorghum varieties grown in the same
environment. Protein values were 15.7 and
11.4%, respectively. It seems likely that the
high-lysine gene has been present in Ethiopia for a 
long period of t ime, since there is a great diversity
in panicle morphology, maturity and plant height
among the high-lysine genotypes collected. The
farmers roast the heads qf the high-lysine
varieties in the late dough stage and eat the grain
in mixtures with grain from normal sorghum
varieties prepared in a similar way. There is a 
general recognition by the farmers that the yield
of high-lysine varieties is significantly less than
normal varieties. Gebrekidan has estimated (Table
2) that the high-lysine cultivars grown in Ethiopia
yield approximately 7 2 % of normal check varieties
(Gebrekidan, personal communicat ion). The
reason given by the farmers for growing these
varieties is that the high-lysine grain has superior
flavor and improved palatability when roasted.
There is a good opportunity to utilize these
high-lysine varieties in African countries as high-
protein, special-purpose sorghum varieties. The
protein concentration is increased by about 30%,
along wi th the significant increase in protein
quality. The grain from these varieties is recogniz-
ably different for marketing purposes because of
the somewhat dented kernel phenotype of the
mature grain. The flavor characteristics also
appear to make these varieties quite acceptable
for human consumption. We propose that these
Ethiopian high-lysine varieties should be utilized in
rural populations as special-purpose sorghums for
people who have a high protein requirement. It
should be possible for farmers in rural areas to
produce an adequate quantity of high-lysine sor-
ghum grain on a small section of their farm for use
as a weaning food and a supplement for pregnant
women and nursing mothers. It may also be
possible to develop a marketing system whereby
these grains can receive a market premium when
sold in the cities.
Chemically Induced
High-Lysine Mutant
Mohan (1975) utilized chemical mutagenesis to
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induce a second high-lysine gene mutation in
sorghum. The parent line used for the mutagen
treatment was a photoperiod insensitive, three-
dwarf sorghum line wi th relatively broad agrono-
mic adaptability. The parent line also had a 
colorless pericarp and a translucent (vitreous)
endosperm so that progeny from the mutagen
treatments could be screened for opaque mutant
kernels over a light box. Selfed seed was treated
wi th diethyl sulphate (DES) by soaking in a 
solution containing 1 ml DES per 1000 ml of
Table 2. Mean grain yields of 12 high-lysine sor-
ghum cultivars and 2 check cultvars
evaluated at Alemaya, Ethiopia.
Grain yield (t/ha)
Sorghum type 1975 1976 Mean
High-lysine
Normal
2.0 2.5 2.3
2.9 3.5 3.2
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Figure 4. Relationship of protein and lysine in normal and high-lysine sorghum lines collected from the 
same environment. Circles represent data from dented high-lysine varieties; triangles 
represent data from plump normal cultivars collected in the same geographic region. 
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distilled water for 3 hr. The M1 plants were grown
in Lafayette, Indiana. USA during 1972 and each
head was bagged to ensure self-fertilization. M2
plants were then grown in Puerto Rico during the
winter of 1972-73 and each M2 head was again
bagged to ensure self-fertilization. Approximately
23 000 bagged M2 heads bearing M3 seeds were
harvested in the spring of 1973 in Puerto Rico and
shipped to Lafayette for evaluation.
Seed from each head was threshed and ex-
amined for opaque kernel segregates over a light
box. A total of 445 putative opaque mutants were
identified and seed from each segregating head
was separated into vitreous and opaque classes.
Both classes of seed from each putative mutant
head was then analyzed for protein and lysine
concentration. Of the 445 mutants, only 33 were
identified that had an increase in lysine concentra-
tion greater than 50%. Plants f rom each of these
33 opaque and normal sib seed lots were grown in
paired rows to evaluate them for any morphologic-
al changes associated wi th the change in endos-
perm phenotype. Most of the opaque mutants
were found to drastically affect either plant or
seed development. Only one of these 33 (P-721)
was found to produce normally appearing plants
and seeds. The P-721 opaque mutant produced an
increase of about 6 0 % in lysine concentration.
The mutant is controlled by a single gene that is
simply inherited as a partially dominant factor. The
nutritional quality of P-721 grain is significantly
higher in monogastric feeding experiments than
normal sib counterpart grain (Mohan 1975).
VanScoyoc (1979) has examined dry matter
accumulation during grain development to deter-
mine what effect the P-721 mutant has on grain
yield potential. Figure 5 presents the mean seed
weight per head of P-721 opaque and normal sib
heads at periods ranging from 10 to 59 days after
pollination in a space-planted population. It is
evident from these data that there is no difference
in dry matter accumulation until approximately 31
days after pollination. After 31 days, dry matter
accumulation in the P-721 opaque line levels off,
whereas dry matter in the normal sib line con-
tinues to accumulate for an additional week,
plateauing at 38 days after pollination. VanScoyoc
has also examined 1000-seed weight during grain
development and his data are presented in Table
3. Seed weights of the normal and opaque lines
are similar at 31 days after pollination, but diverge
at 38 days after pollination. At maturity, kernel
weight for the opaque line is reduced by 11 - 1 4 %
Yield of P-721 Derived Lines
The next phase of this sorghum improvement
program involved the making of hundreds of
crosses of the P-721 opaque mutant wi th high-
yielding entries from the World Sorghum Collec-
tion, wi th elite lines from the Purdue/AID sor-
ghum breeding materials, and wi th individual
plants selected from genetically heterogeneous
random mating populations. Emphasis was put on
incorporating the P-721 opaque gene into many
and diverse genetic backgrounds to enhance the
probability for identifying a genetic background
which was optimal for expression of the P-721
gene. The pedigree breeding procedure was used
in handling progenies from these crosses. Early
generation selections were evaluated for agrono-
mic desirability and yield potential at Lafayette,
Indiana, USA, and for tropical adaptability in
Puerto Rico. All segregating lines which lacked
promising agronomic potential were discarded
594
Figure 5. Mean increase in seed weight per 
head of P-721 opaque and P-721 
normal sorghum during grain deve lop -
ment in a space-planted population. 
P - 7 2 1 N o r m a l
P - 7 2 1 O p a q u e
1 0 0
8 0
6 0
40
2 0
0
0 10 17 24 31 38 45 52 59
D a y s a f t e r p o l l i n a t i o n
relative to its normal counterpart. No reduction in
seed number was observed, so the difference
between the lines can largely be accounted for by
reduced kernel density. The reduction in kernel
weight is in relative agreement wi th preliminary
data from a 1977 four-replicate yield trial at
147 664 plants/ha showing a 9.4% total yield
reduction for P-721 opaque compared with its
normal sib line.
without attention to chemical evaluation because
the major objective was to derive high-yielding,
agronomically desirable sorghum lines in which
the P-721 gene had survived. Some 197 homozy-
gous opaque F6 lines survived and after a final
screening against lodging, stalk rot, and foliar
diseases in Puerto Rico, VanScoyoc (1979) tested
the best 158 lines, 11 elite normal cultivars from
international trials, and RS 671 for yield (Fig. 6).
Several of the elite normal lines (the P-954 series)
have yielded very wel l in Africa.
Yields of the 158 P-721 lines and the 11 elite
normal lines were divided into three classes: 22
wi th low yield, 111 wi th intermediate yield, and 36
wi th high yield. All check lines were in the
high-yield class. Among entries that yielded above
8.0 t /ha, the 12 opaque lines and the 7 vitreous
controls gave mean yields of 8.5 t /ha. Among
entries yielding above 7.6 t /ha, the mean for 24
opaque endosperm lines was only slightly less
than that for the 12 checks (8.1 vs 8.2 t /ha,
respectively). These data indicate that lines wi th
the P-721 opaque gene can yield as well as the
best normal sorghum cultivars if the gene occurs
in the proper genetic background. Earlier, Christ-
ensen (1978), by studying a subset of the P-721
lines in F5 breeding lines, also showed that the
P-721 opaque gene when placed in an appropriate
genetic background would not reduce grain yield
potential (Table 4). Because seed weight was
reduced about 15% by the P-721 opaque gene,
we speculate that selection for grain yield in P-721
lines must have resulted in an increase in the
number of seeds per panicle and/or the number
of panicles per unit area in order to have main-
tained a good yield level (Axtell et a). 1979). It is
likely that variations in sorghum panicle morpholo-
gy allows compensation for reduced seed weight
by increasing seed numbers per panicle.
Acceptance of high-lysine sorghum cultivars
will be limited by problems associated with the
opaque kernel phenotype. Ejeta (1979) was suc-
cessful in identifying several lines with vitreous
endosperm and high lysine content. Subsequent-
ly, these proved to be stable for vitreous endos-
perm phenotype and high lysine concentration.
Also, seed treatments of P-721 opaque, high-
lysine sorghum lines wi th DES resulted in
mutants with vitreous endosperm and high lysine
concentration (Porter 1977; Ejeta 1979). In gener-
al, the lines with modified vitreous endosperm
from both sources had higher kernel weight and
lower percentages of protein and lysine (Table 5).
Also, the most vitreous types had the highest test
weight.
A replicated yield trial of 35 opaque lines and 11
normal lines at two locations in Indiana has
recently been completed. The results are pre-
sented in Table 6. The mean grain yield of the top
three P-721 opaque lines is similar to that of the
top three normal checks in the trial. The dye
binding capacity (DBC) of the high yielding P-721
derived lines is intermediate between the checks
and that of the original P-721 opaque line.
Future studies wi th regard to the food-making
characteristics of the high-lysine lines will reveal
new possibilities and drawbacks. Thus we can
await that the milling quality of the more vitreous
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Table 3. Mean 1000-seed weights of P - 7 2 1 opaque and its normal sib line during grain development in a 
space planted population.
1000-seed dry weight (g)a
Days after P-721 P-721 % P-721 opaque
pollination normal opaque of normal
17 7.625 7.875 103.3
24 14.664 14.294 97.5
31 18.562 18.998 97.7
38 23.164 21.652 93.5
45 25.455 21.608 84.9
52 24.099 21.451 89.0
59 24.861 21.358 85.9
a Mean of three replicates.
high-lysine lines previously discussed wil l have
better milling characteristics than P-721 opaque
which is poor in milling quality due to its soft-
ness.
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Dietary Limitat ions
Recently, nutritionists at the Johns Hopkins Uni-
versity have conducted a series of experiments
Figure 6. Frequency distribution of grain yields of F7 P-721 opaque-derived lines and elite normal 
cultivars of sorghum. 
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Table 5. Protein and lysine contents and 100-kernel weight for vitreous (modified) and opaque endosperm
kernels from lines derived from P-721 high-lysine sorghum.
Endosperm
type Protein (%)
Lysine
(% of protein)
100-kernel
weight (g)
Modif ied
Opaque
Modif ied as % of opaque
11.3
12.6
90.0
2.77
2 83
97.90
2.56
2.27
112.80
Table 4. Means of chemical and agronomic traits for opaque, heterozygous, and normal grain types In
P - 7 2 1 derived lines and high-yielding checks of sorghum.
Genotype or cultivar
No. of
entries
Dye binding
capacity
Protein
(%)
Yield
(t/ha)
100-seed weight
(g)
P-721 Genotype
Opaque
Heterozygous
Normal
Checks
954063 (cultivar)
RS-671 (hybrid)
NK-300 (hybrid)
300
73
5
4
4
4
49.3
42.5
39.8
34.0
34.3
33.8
12.5
13.3
12.9
11.4
11.7
10.9
4.7
4.5
4.2
5.7
5.6
6.7
2.50
2.89
2.87
2 5 8
2.30
2.18
Table 6. Mean grain yield of P -721 opaque derived lines in comparison wi th normal checks and original
P-721 opaque mutant line
Fl* Ht** Yield
(Days) (cm) (kg/ha) % Protein D B C * * *
High-lysine entry
851171 81 145 8472 9.00 35.50
850029 82 130 8221 9.07 35.00
851356 82 155 8158 8.56 34.75
Mean 82 143 8284 8.88 35.08
Check entry
954206 85 205 8660 7.68 29.75
954062 81 180 8284 9.32 31.50
954063 81 140 8158 8.86 29.75
Mean 82 175 8346 8 6 2 30.33
P-721 opaque 81 125 5585 9.92 42.75
* Fl = Days to f lowering.
** Ht = Height at f lowering.
* * * DBC = Dye binding capacity.
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involving children in Peru using all staple food
diets based on gruels made of sorghum, maize,
wheat, rice and potatoes. Their results indicate
that whole grain sorghum is "markedly inferior" to
wheat, rice, potato and maize as a source of
dietary protein and energy in diets unsup-
plemented wi th proteins and amino acids fed to
children. MacLean et al. (in press) thus conclude,
"whole grain sorghum is a bulky and poorly
digestible source of dietary energy for children."
Table 7 summarizes the results of 26 dietary
sorghum periods in comparison wi th correspond-
ing data from other staple foods. The poor
absorption (46 ± 17%) and retention (14 ± 10%)
of nitrogen and the high content of energy in the
stools from sorghum made it, in this experiment,
a very poor source of dietary protein. Maize was
intermediate between sorghum and the other
staple foods in energy digestibility as measured
by the stool energy. Sorghum was associated
wi th a dramatic slowing of the rate of weight gain
in these experiments, which presumably resulted
from excessive fecal energy losses and as a 
response to inadequate quantity and quality of
dietary protein. The return to the control diet was
associated wi th a prompt resumption of weight
gain and a rebound in apparent nitrogen retention,
the latter being further indicative of protein
inadequacy during the sorghum period.
All sorghum diets based on sun dried powders
of traditional Tanzanian food products fed to rats
(Table 8. Eggum et al. 1982) also display extreme-
ly low weight gains and low biological value (BV)
of protein as measured in balance trials. Lysine is
extremely low (2.0%) in the raw material and
decreases markedly in the hand decorticated
product (1.2%) while ugali porridge cooked on the
whole grain seems to be more nutritious (weight
gain 1.40 g/day) than the porridge from the
decorticated grain virtually producing zero growth.
It is seen in Table 8 that the rats could not cope
wi th the food intake in the most lysine deficient
diets indicating an increased strain on the animals.
However, the protein and energy digestibility in
these trials were quite high (about 90%). Eggum
et al. (1982) concluded that the performance of
the rats on sorghum diets in this trial fundamental-
ly was due to the low level of lysine. Although it is
difficult to compare feeding experiments from
different organisms such as rat and man, two
major factors could be hypothesized to explain
these results.
First, dietary factors such as starch/protein
availability could affect the sorghum digestion
especially in the experiment with children fed the
diet as a gruel. Second, the low lysine content of
these diets would call for supplementation wi th
properly balanced protein, e.g., milk. A search was
made at Purdue for an in vitro system sensitive to
the digestibility differences between sorghum
and other cereals. Axtell et al. (1981) found that
porcine pepsin in vitro shows these digestibility
differences. The results in Table 9 show that
uncooked sorghum proteins have a high pepsin
digestibility (78-100%), which drops to a range of
4 5 - 5 5 % after cooking. It is therefore essential
that more research be conducted to determine
the nutritional consequences of local methods of
preparation of sorghum foods in countries in
Africa, Asia and Latin America. It is assumed that
the most sophisticated methods of food prepara-
tion would have evolved in areas of the world
where sorghum has been used for the longest
period of t ime, i.e., the center of origin of the crop
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Table 7. Comparison of results from nitrogen balance studies in sorghum wi th similarly obtained
corresponding data from other staple foods.
Apparent N balance Stool weight
Absorption Retention Wet Dry Stool energy
% % (g/day) (g/day) (Kcal/day)
Sorghum 46 14 224 39.0 183
Wheat 81 20 95 13.3 60
Rice 66 26 67 11.6 58
Potato 66 34 165 20.3 78
Maize 73 27 133 2 6 8 117
Casein 81 38 95 15.5 63
(Ethiopia and Sudan). Results of pepsin digestibil-
ity studies of some Sudanese sorghum breads are
now complete and show clearly that local proces-
sing (fermentation to pH 3.8) significantly im-
proves in vitro protein digestibility of sorghum
proteins. Two fermented sheet-baked sorghum
products (kisra and abrey) from Sudan gave
pepsin digestibility values of 6 5 - 8 6 % (Table 10).
In contrast, unfermented cooked gruels made in
our laboratory from the same flours using the
Johns Hopkins cooking technique gave pepsin
values of only 4 4 - 5 6 % . Therefore, fermentation
improves pepsin digestibility of sorghum proteins.
Experiments on rats with similar diets (Eggum et
al. 1981) points in the same direction as the in
vitro studies although the differences are less in
vivo. Thus addition of acid to pH 3.8 while cooking
porridge from Feterita sorghum reduces the drop
in true digestibility of protein due to cooking from
13% to nil. Sorghum-based fermented infant
foods (nasha) are currently being prepared for
trials wi th children in Peru and Sudan, in coopera-
tion wi th Food Research Institute in Khartoum.
The biochemical basis of the reduced nutritional
value of some sorghum-based foods remains
unknown. One possibility being explored is re-
lated to the protein solubility fractionation patterns
observed in sorghum versus other cereals. Nwa-
sike et al. (1979) showed that Landry-Moureaux
fraction III in sorghum comprises a much larger
proportion of the total prolamine proteins in
sorghum than in corn or pearl millet (Table 11).
Guiragossian et al. (1978) first demonstrated the
high proportion of cross-linked kafirins (fraction III)
in sorghum endosperms from both normal and
high-lysine grains (Table 12). The possibility exists
that the cross-linked kafirins in sorghum are
involved in the formation of complexes with
starch during cooking which then reduces availa-
bility to digestive enzymes. It would be extremely
useful to have a sorghum mutant with reduced
fraction III kafirins to test this hypothesis, but
none are available at this time.
It is concluded from our present knowledge that
monotonous sorghum diets are especially de-
trimental to growth and health and need sup-
plementation with adequate protein sources such
as legumes. Pushpamma et al. (1979) demons-
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Table 9. Effect of temperature on digestion of sorghum proteins by pepsin.
Whole kernel* Dehulled kernel*
Variety Uncooked Cooked Uncooked Cooked
IS-11758 high-lysine
954063 normal
P-721 opaque
P-721 normal
88.6
88.9
93.0
92.9
45.3
50.6
56.7
46.4
78.2
81.7
85.7
81.1
41.4
37.1
43.0
40.7
* Percent solubilized by pepsin Average of duplicate values
Table 8. Nutritional quality of the improved low-tannin sorghum variety, 2Kx17 /B /1 , as processed in
Tanzania. Rat balance tests according to Eggum et al. 1982.
Weight Feed Biological
gain consumed value Lysine
(g/day) (g/day) (%) (g/16g N)
1. Whole grain 1.26 9 7 55.9 2.0
2. Laboratory ugali whole grain 1.40 9.8 55.7 1.9
3. Hand decorticated in Tanzania 0 5 5 6 3 47.4 1.2
4. Ugali from (3) cooked in Tanzania 0 0 4 6.1 49.4 1.2
trated in experiments with young children that
sorghum gives an acceptable protein digestibility
as well as nitrogen retention in mixed diets wi th
legumes. The results were almost as good as wi th
a rice/legume mixture. These results indicate that
sorghum contains potentially rich sources of
carbohydrates and proteins which can be utilized
only if proper supplementation wi th other protein
sources can be provided.
the same or slightly less efficient than the
response from other feed grains such as maize.
With ruminants a definite positive effect is seen
with heat treatment (micronizing) or steam flaking
of sorghum grain, again pointing out sorghum's
uniqueness in its compact physical structure
which for several purposes has to be overcome by
proper processing and cooking.
We also know that human populations have
survived and indeed flourished on sorghum-based
diets for hundreds or thousands of years. The
difficulties encountered in sorghum utilization
have been counteracted by locally developed food
preparation practices such as decortication and
acid and alkaline treatments, fermentation as well
as supplementation wi th other plant products, the
nutritional importance of which we are just
beginning to understand.
In the light of these observations, it is natural
that we should be concerned about the nutritional
quality of sorghum. The more information we
have on the nutritional quality of sorghum, the
more appropriately can we use this cereal grain in
Studies of the nutritional value of sorghum grain
for human nutrition are only beginning and the
data accumulated so far are not adequate because
too little work has been done with the locally
produced food products. The enormous body of
data from animal nutrition wi th unprocessed
sorghum strongly suggest that, wi th the excep-
tion of high tannin grain, the response of swine
and poultry as wel l as rats fed sorghum grain is
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Conclusions and Future
Research
Table 11 . Nitrogen distribution in the Landry-Mouraaux (LM) fractions of pearl millet, maize, and sorghum
normal whole seeds.
% of total N 
LM fractions Pearl millet Maize Sorghum
l albumin-globulin
II true prolamine
III prolamine-like
IV glutelin-like
V true glutelin
Total N extracted
% protein in seed
22.3
41.4
6.8
9.3
20.9
100.7
14.3
16.6
38.6
10.1
10.0
20.2
95.5
10.7
10.0
15.7
31.3
4.5
29.3
90.8
13.5
Table 10. Effect of fermentation and temperature on digestion of sorghum proteins by pepsin.
Protein
Variety (%)*
Laboratory
Uncooked** cooked** Kisra** Abrey**
Dabar 8.7
Tetran 9.0
Mayo 9.1
100.0 55.7
91.4 46.7
73.1 43.6
65.4
76.0
86.2
71.1
* Protein contents of Dabar kisra. Dabar abrey. Tetran kisra, and Mayo abrey were 1 1 4 . 12.4. 10 4 and 8 .7%. respectively.
** Percent of protein solubilized by pepsin. Average of duplicate values.
-
-
the future, both for feed and food. The incentive
to increase sorghum production by breeders,
pathologists, entomologists and others wil l de-
pend in part on our ability to profitably utilize the
increased amounts of grain produced. For exam-
ple, if it becomes possible to detoxify tannins in
sorghum grain by inexpensive alkaline treatment
(Butler 1982), the market for grain sorghum as a 
poultry feed in the Southeastern United States
wil l predictably expand, since predatory birds and
molds are a major deterrent to sorghum produc-
tion in this area. Similar opportunities would exist
in other parts of the world. This will only be
possible through detailed biochemical and animal
nutrition studies which identify the polyphenols in
sorghum and define the mechanism(s) of their
anti-nutritional effects.
Protein quality research needs to be continued
to determine what level of success is achievable
without sacrificing grain yield or food grain quality.
Here a distinction needs to be drawn between
plant breeding research objectives and plant
breeding objectives. Protein quality improvement
in sorghum remains a research objective at this
t ime and is not a goal for most developing country
sorghum breeders to pursue. We remain con-
vinced, however, that in the near future we wil l be
able to offer methods for genetic improvement of
protein quality in sorghum without sacrificing
either grain yield or food grain quality. A very
substantial research effort on the molecular gene-
tics of seed storage proteins is in progress
throughout the world. Based on the knowledge
and techniques gleaned from these studies we
are confident that we wil l learn how to manipulate
plant genes to design endosperm storage pro-
teins to better meet human nutritional needs.
A great deal of research is needed to resolve
the often conflicting results on human digestibility
of sorghum proteins. It is imperative that the
human nutritional evaluation be conducted in
consort wi th cereal chemists and food scientists
who can duplicate local village procedures used in
sorghum food preparations. It is also important to
develop centers for nutritional studies, e.g., in
Africa, so that the response of African children to
their own traditional foods can be measured.
The complementarity of other foods in the diets
of people using sorghum as the staple cereal
must also be considered in the overall nutritional
evaluation. Recently in Egypt we noted that
fenugreek, a small seeded grain legume, was fre-
quently mixed as ground flour with sorghum flour,
as 5% of the mixture. The fenugreek flour in the
mixture added elasticity to the sorghum dough as
much as gluten protein does in wheat dough. The
fenugreek added significantly to the protein quali-
ty of the Egyptian sorghum bread since our
analysis showed it to contain 28% protein and 6%
lysine (expressed as percent of protein). If this
lysine from the fenugreek is physiologically avail-
able, it also improves the utilization of the sor-
ghum proteins. Experiments are in progress to
test this point. Certainly many other legumes are
regularly used as complements to sorghum as
well as other cereal diets, but we know relatively
little about their effect on protein and carbohy-
drate utilization. Much research is needed in this
area.
The high in vitro protein digestibility of the
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Table 12. Nitrogen distribution in sorghum endosperm*.*
Variety
Fraction P-721 -Normal P-721 -Opaque IS-11167
Percent protein (g/100 g of endosperm)
I (albumins and globulins)
II. (kafirin)
III (cross-linked kafirin)
IV (glutelin-like)
V (glutelin)
Total N extracted, % 
12.0 10.6
9.0 28.6
25.1 9.9
25.1 15.3
6.8 4.1
34.0 42.1
98.6 97.9
10.5
23.1
10.7
19.0
4.8
42.4
91.4
* Percent of soluble nitrogen
fermented Sudanese kisra and abrey strongly
suggest that local food preparation methods have
evolved which improve the nutritional quality of
sorghum grain. These results are confirmed in
vivo in rats (Eggum et al. 1981) but we suspect
that this result may represent only the tip of the
iceberg wi th regard to the interaction between
village processing of sorghum and the nutritional
value of the prepared foods. Again, a great deal of
research is needed including nutritional studies on
humans in the decade ahead.
The ultimate objective of research on nutrition
and utilization studies in sorghum is to enhance
the acceptability of sorghum grain as a human
food, and to increase the versatility of this cereal
which offers so much potential to people living in
the semi-arid regions of the world. Certainly we
have gained much knowledge about sorghum
quality during the 1970s, and in our opinion the
momentum for such studies is increasing. Re-
search is the key to understanding, and under-
standing is the key to further progress in the
eighties.
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Ethano l—A Renewable
Energy Resource
Ethanol has been produced by man since early
recorded history as a constituent of fermented
beverages. Ethanol as a liquid fuel was used in the
earliest automobiles. Henry Ford's early auto-
mobiles had carburetors that could be adjusted to
use either gasoline or alcohol. Since the early
1900s Brazil has used ethanol mixed wi th gasoline
to utilize surplus alcohol from the sugar industry
International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings
Symposium on Sorghum. 2-7 Nov 81, Patancheru. A.P.. India. Patancheru, A.P. India: ICRISAT.
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Energy Crisis
Since 1973 when the petroleum cartel OPEC,
initiated a series of price increases and more
recently with mounting political instability among
several OPEC members, much emphasis has
been placed on alternate and renewable energy
resources and energy independence. Energy
prices have increased considerably and energy,
B i o m a s s
In many parts of the world, especially the develop-
ing nations, one alternative to the energy crises is
the production of bioenergy from biomass. In the
tropical and subtropical areas, and to a lesser
extent the temperate areas of the world, an
integrated food, feed, biofertilizer, and energy
production system using sweet sorghums [Sor-
ghum bicolor (L.) Moench] and high energy
sorghums (Miller and Creelman 1980) along with
other crops appears to be an economical and
logical response for adequate food and energy
production.
This paper will concentrate on the aspect of
sorghum as a renewable resource for liquid fuel or
ethanol production and treat to a lesser degree
some possible integrated food and energy sys-
tems.
principally liquid fuels, has been rationed or
considerably taxed to reduce their use in nearly all
the petroleum importing nations. This has mod-
ified the economies of nearly all the nations of the
world and has increased food costs in general,
and frequently reduced food and feed production,
making it more costly and difficult to feed the
world's millions, especially the world's hungry.
R. E. Schaffert and L. M. Gour ley*
Sorghum as an Energy Source
The use of sweet sorghum for energy production,
principally ethanol production, is discussed. An
example of an integrated food, feed, energy, and
biofertilizer system is presented. As sorghum is
one of the most efficient plants in terms of
photosynthesis and as sorghum directly produces
fermentable sugars as well as grain, it is one of
the most ideal crops for the simultaneous produc-
tion of energy and food. The industrial by-products
can be used as feed, biofertilizer, fiber, and
energy. Technology for ethanol product ion
adapted from the sugarcane industry can be
utilized almost directly to produce ethanol from
sweet sorghum. The additional adaptation of this
technology for use in a microdistillery allows for
economical small-unit production in a decentral-
ized industry. Transportation costs are reduced
and the alcohol is generally consumed by the
producer. The process can be completely mecha-
nized or not, depending upon the need to gener-
ate jobs and the cost of labor. Production levels
have been considered and research recommenda-
tions for this decade have been made.
and during the World Wars ethanol was used in
place of gasoline.
The attractions of alcohol for fuel are many. The
world's oil reserves are concentrated in just a few
countries, while the potential for producing alco-
hol from energy crops is as widely diffused as
agriculture itself. Liquid fuel from biomass is a 
renewable resource. Alcohol as a fuel is clean-
burning when used alone and when mixed wi th
gasoline it acts to increase the octane rating.
Energy crops production and alcohol distillation
wil l require more labor than oil production and
refining and thus aid unemployment problems and
mass migration to the cities. Because of the
transportation limitations of sugar crops, distiller-
ies wil l be decentralized and dispersed throughout
the crop production area.
Alcohol fuel has a powerful political appeal to
governments and the common motorist. The
problem of balance of payments, possible oil
supply disruptions, and rising gasoline prices
promote political action toward self-sufficiency. In
the United States, which has 4 0 % of the world's
automobiles and which uses half of all the
gasoline consumed in automobiles, political press-
ures to produce liquid fuels domestically are
particularly strong.
alcohol fuel program was launched in 1975. The
goal to become self-sufficient in automotive fuel
by the end of the century has been upgraded to
the end of the eighties. Government incentives
include financing to help modernize and expand
existing alcohol distilleries, to build new distiller-
ies, and to develop agricultural projects to supply
them wi th feedstock. The national alcohol fuel
program is based principally on sugarcane, but
also emphasizes sweet sorghum and cassava as
distillery feedstock. In 1981 /82 Brazil wil l produce
approximately 5 billion liters of ethanol and the
target is 11.5 billion liters by the end of 1985. In
1981 the Brazilian Government officially approved
the extablishment of microdistilleries wi th a 
capacity of up to 5000 liters of alcohol/day. The
government's goal is to install 5000 microdistiller-
ies by 1985. These microdistilleries, which func-
tion most economically using both sugarcane (6
months) and sweet sorghum (4 or 5 months) (Fig.
1) for a total of 10 or 11 months per year, will be
scattered throughout Brazil and the alcohol wil l be
consumed in the locality in which it is produced.
The first United States alcohol fuel program
came with the enactment of the Energy Act of
1978. This legislation removed the federal gaso-
line tax of four cents on every gallon of gasohol,
provided the alcohol used in the blend was from
nonpetroleum sources. Many states have also
made gasohol tax exempt which when combined
with the federal exemption amounts to a total
subsidy of more than $1 per gallon for ethanol
used as automotive fuel.
Among the countries already producing ethanol
for fuel. Brazil is the unquestioned leader. Brazil's
National Energy Policies
Figure 1. Planting and harvesting periods for sweet sorghum and sugarcane in Brazil (CNPMS/ 
EMBRAPA).
Harvest ing
Plant ing
Sugarcane
Harvest ing
Sweet sorghum
Planting
Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec
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Table 1. United States Department of Energy Pro-
jections of annual maximum ethyl alcohol
production in the U.S.
Source
1980 1990 2000
(billions of liters)
Corn
Grains, total
Sugarcane
Sweet sorghum
8 7 3.4
14.8 10.6
2.6
11.4
8.7
2.6
31.4
Source: U.S. Department of Energy (1979).
ethanol yields of selected crops. New Zealand
plans to use sugar of fodder beets as the primary
distillery feedstock, while Australia and Austria
would use wheat. South Africa and the Philippines
are planning to use both cassava and sugarcane
as raw materials for the production of alcohol.
Kenya and Sudan are building alcohol distilleries
that will use the molasses by-product of their
sugar mills. Thailand plans a flexible agricultural
fuel industry that could be adapted to whatever
crop might be in greatest surplus. These are but a 
few of the countries involved in alcohol fuel
programs. The future is bright for a crop, such as
sorghum, that wil l produce reasonable yields of
alcohol per hectare on marginal lands with mini-
mum production costs. For the present, most
countries will use surplus crops or divert some
current crop production to alcohol fuel programs.
Future programs will bring idle or new marginal
lands into the production of sugar crops.
Sweet Sorghum—A Renewable
Bioenergy Resource
Types and Composi t ion
o f S w e e t S o r g h u m
Sweet sorghum grows in a wide geographical
range. It can be considered the sugarcane of the
temperate zone and it also has a production
capacity equal or superior to sugarcane in the
tropics when considered on a monthly basis. Two
types of sweet sorghum have been developed by
breeders: syrup varieties which contain enough
invert sugars in the juice to prevent crystallization,
and sugar varieties which contain mostly sucrose
and very little invert sugars in the juice for
crystallization. Estimated approximate composi-
tions of sweet sorghums grown in the United
States are shown in Figures 2 and 3 for sugar and
syrup varieties, respectively. Sugar varieties have
50% fermentable solids and 30% combustible
organics while syrup varieties, on the other hand,
have 43% fermentable solids and 33% combusti-
ble organics. Total biomass yield of syrup varieties
is about 30% more than that of sugar varieties;
however, the total soluble solids content of sugar
varieties is greater. This difference in production
and composition may be due to the narrow
genetic base of varieties evaluated, as the number
of sugar varieties available is much fewer than the
number of syrup varieties. Both types of sweet
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In January 1980, the federal government
announced major new ethanol goals for both 1981
and the mid-eighties. Production of ethanol was to
be increased to 1.89 billion liters for fuel in 1981
and 7.57 billion liters by the mid-eighties. Since
corn is the primary distillery feedstock in the U.S.,
this latter goal would expend more than 20 million
metric tons of corn.
The U.S. Department of Energy (1979) is
considering a major shift from corn to sweet
sorghum to produce ethanol (Table 1). For the
long-term forecast, it is believed that sweet
sorghum could become the dominant energy crop
in the United States. A total of 5.67 million
hectares of cropland could be planted to sweet
sorghum, which would yield 31.4 billion liters of
ethanol per year. This cropland would be primarily
in the Midwestern and the Southeastern United
States.
Many other countries are developing national
alcohol fuel programs to reduce their balance-of-
payment deficits. Table 2 shows the crop and
Table 2. Alcohol yield of selected crops in the
United States and Brazil in 1977.
Crop yield Alcohol yield
per hectare per hectare
Crop (tonnes) (liters)
Sugarcane (Brazil) 54.2 3630
Sweet sorghum (U.S.) 46.5 3554
Corn (U.S.) 5.7 2200
Cassava (Brazil) 11.9 2137
Grain sorghum (U.S.) 3.5 1362
Wheat (U.S.) 2.1 773
Source: Brown (1980).
-
-
-
sorghum are equally suitable for alcohol produc-
tion as both sucrose and invert sugars are directly
fermentable.
because it is adaptable to a wide range of growing
conditions, unlike sugarcane which can only be
grown in tropical and subtropical climates. Sweet
sorghum also has a potential for low unit costs
because it requires less water and fertilizer than
does sugarcane. More energy wil l be recovered in
the ethanol produced than is used to grow and
process the crop, that is, it has a net energy ratio
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Advantages of Sorghum Biomass
Sweet sorghum holds a great potential as a field
crop for ethanol production throughout the world
Figure 2. Estimated approximate composition of sweet sorghum sugar varieties in the United States 
(Nathan 1978). 
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Figure 3. Estimated approximate composition of sweet sorghum syrup varieties in the United States 
(Nathan 1978). 
that exceeds 1.0 (Sheehan et al. 1978).
The desirable characteristics of sweet sor-
ghum varieties for ethanol production are:
(1) production of a high biomass yield; (2) high
percentage of fermentable sugars along wi th
combustible organics; (3) comparatively short
growth period; (4) tolerance to drought stress;
(5) relat ively low fert i l izer requ i rements ;
(6) production of grain for food or feed use; and
(7) the possibility of complete mechanization.
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S o r g h u m — A C 4 P a t h w a y P l a n t
Sweet sorghum is classified as a C4 malate-former
A v e r a g e y i e l d s :
S t a l k s
L e a v e s , p e d u n c l e ,
a n d h e a d s
T o t a l
T o n n e s / h a
4 7 . 4
6 6 . 7
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f e r m e n t a b l e
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s o l u b l e s o l i d s1 8 5 . 3
7.4
4 . 4 a s h
s o l u b l e s a t t a c h e d t o f i b e r
i n s o l u b l e s1 0 0 . 4
13 .4
984 k g
w a t e r
286 k g
d r y m a t t e r
N i t r o g e n
A s h
Ether e x t r a c t , w a x , e t c .
S o l u b l e s
F ibe r
363 k g
l e a v e s , p e d u n c l e ,
a n d h e a d s
9 0 7 k g
s w e e t
s o r g h u m
s t a l k s
S w e e t s o r g h u m
s y r u p v a r i e t i e s
8 .6%
7.8
2.6
1 0 0 . 0 %
52 .1
2 8 . 9
82 .6 f i b e r
(kg)
24.6 n i t r o g e n p r o d u c t s
(kg )
which, along wi th sugarcane and corn, is known
to have the highest rate of photosynthesis among
crop plants. The C4 pathway of CO2 fixation is an
auxiliary channel of the primary Calvin-Benson
pathway (Hatch 1976). Under natural conditions,
C4 plants are not light-saturated, have CO2 com-
pensation points near zero, lack detectable photo-
respiration, and have an optimum temperature of
30-35°C.
One of the most important features of C4 plants
is their specialized leaf anatomy (Krantz-type)
which provides the spatial compartmentalization
required to absorb and fix low concentrations of
atmospheric CO2 in two separate sets of reac-
tions. Atmospheric CO2 is fixed by the C4 pathway
only in the leaf mesophyll cells while the Calvin-
Benson cycle fixes CO2 predominantly in the leaf
bundle sheath cells. The net effect in C4 plants is
that they exhibit a very high photosynthetic
capacity which is about twice as great as that of C3
plants. Any CO2 produced by photorespiration
must diffuse out through bundle sheath cells and
then through the actively fixing, but nonphotores-
piring, mesophyll tissue before it could escape
into the atmosphere and be detected by existing
methods of measuring photorespiration. This of
course leads to greater efficiency in utilizing CO2.
Photosynthetic Efficiency
The data of Loomis and Williams (1963) in Table 3 
show that sorghum has one of the highest dry
matter accumulation rates when considered on a 
daily basis. In terms of average growth rate,
sorghum is exceeded only by napier grass. In the
data presented by Heichel (1976), sorghum had
the highest food energy per unit cultural energy
ratio, exceeding corn silage, sugarcane and corn
grain. Considering these results, sorghum
appears to be one of the most photosynthetic
efficient genera that can be produced in both
temperate and tropical environments, completely
mechanized, and utilized on a large scale wi th
existing technology for energy production. Un-
doubtedly, as more attention is placed on bioener-
gy production in the future, more attention will
also be given to sorghum.
Technology and Infrastructure for
Producing Ethanol from Sorghum
Ethanol from sweet sorghum has been produced
in pilot runs in several large-scale commercial
sugarcane distilleries of 120 000 liters per day or
larger capacity, and is currently being produced
commercially in several microdistilleries of 2000
- 5 0 0 0 liters per day capacity, in Brazil. In both
cases the f low diagram is similar, and two
processes for microdistilleries wil l be considered
here. The differences between microdistilleries
and distilleries of large-scale capacity are: the
number of units of roller mills, the efficiency of
extracting sugars, and the efficiency of fermenta-
tion and distillation.
In Brazil, the normal harvesting period for
sugarcane is from June to November and the
harvesting period for sweet sorghum is from
February to May wi th plantings beginning in
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Table 3. Max imum dry matter production and maximum growth rates of several crops.
Dry matter Average growth Maximum growth
production Maturity rate rate
Crop (t/ha) (days) (gm/m
2 per day) (gm/m 2 per day)
Napier. 106 365 26 —
Sugarcane 70 365 18 38
Sugarbeet 47 300 14 31
Forage sorghum 30 120 22 —
Forage sorghum 43 210 19 —
Sudangrass 33 160 18 51
Alfafa 36 250 13 23
Bermudagrass 35 230 14 20
Alga 4 4 - 7 4 300 15 -22 28
Source: Loomis and Wil l iams (1963)
October and November (Fig 1) In this case, the
t w o crops supplement one another and when
used together increase the period of industrial
operation, decrease the unit cost of alcohol
production, and increase the total amount of
alcohol that can be produced by a distillery in one
year The same equipment is used to process
both sugarcane stalks and sweet sorghum stalks
Consequently, little interest is given to the super-
ior productivity of sugarcane or sweet sorghum
but rather an economic production of both sugar-
cane and sweet sorghum
Sugar Extraction Using Boiler Mills
A simple f low diagram of a microdistillery using
roller mills for sugar extraction is shown in Figure
4 The stalks of either sweet sorghum or sugar-
cane are crushed in the roller mills and the sugars
extracted with the juice The efficiency of juice
and sugar extraction depends upon the pressure
of the rollers and the number of units When two
or more units are used, the efficiency can be
improved by using a small amount of hot water for
imbibition. The efficiency also depends upon the
nature of the stalk and this will be discussed in the
section on plant breeding and improvement. The
untreated juice is mixed with yeast and minerals,
and is fermented. After the sugars have been
transformed to alcohol, the beer is distilled to
9 2 % ethanol for direct use in motors or to 100%
ethanol to mix with gasoline. The bagasse can be
burned in the boiler to produce steam or can be
used for feed, fiber, or as a cellulose feedstock for
other processes. The stillage can be used as a 
biofertilizer and returned to the soil or used as a 
feedstock in a biodigestor to produce methane
and biofertilizer.
Sugar Extraction by Diffusion
A simple flow diagram of a microdistillary using a 
simple horizontal diffusor for sugar extraction is
shown in Figure 5. The major difference in these
two processes is the use of hot water to extract
the sugar from the stalks in the diffusor. A roller
Figure 4. A simple flow diagram of a roller mill microdistillery. A—roller mill, B—boiler, C—yeast
treatment and distribution tank, D—juice distribution tanks, E— fermentation tanks, 
F—beer-holding tank, and G—dis t i l la t ion column (CNPMS/EMBRAPA). 
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Productivity and Qual i ty
Sweet sorghums or sorgos for syrup production
have been produced in the USA for over 100 years
whereas the technology to produce sugar (suc-
rose) from sweet sorghum on a commercial scale
has been available for only the past 10 to 15 years.
Research on alcohol production using sweet
sorghum is even more recent and for the most
part has been conducted during the last 5 years.
Both types of sweet sorghum serve to produce
alcohol but good types to produce alcohol do not
need to be associated wi th high sucrose purity of
the sugar types or the quantity and quality of
syrup produced per ton of stalks of the syrup
types. The total amount and extraction of total
invert sugars (fermentable sugar) is important for
alcohol production.
Sweet Sorghum Productivity
The most complete sweet sorghum productivity
data are from the U.S. Sugar Crops Research
Station of the USDA at Meridian, Mississippi, the
Texas Agricultural Experiment Station at Weslaco,
Texas and the National Corn and Sorghum Re-
search Center at Sete Lagoas, Minas Gerais,
Brazil. According to Reeves (1976), Reeves et al.
(1978), Reeves and Smith (1979), Broadhead et al.
(1974), Coleman and Broadhead (1968), and
Schaffert and Borgonovi (1980), average total
yields of commercial varieties over locations and
years normally range from 45 to 60 t /ha and 35 to
48 t /ha for stripped stalks. According to Schaffert
and Borgonovi (1980a) and Reeves and Smith
(1979) experimental breeding lines and progenies
have been more productive, w i th yields ranging
from 80 to 100 t /ha of sorghum (total plant).
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mill is still necessary for removing the residual
juice from the bagasse. An additional roller mill
may also be placed before the diffusor for greater
efficiency of sugar extraction. The efficiency of
sugar extraction in this process is generally
greater than 9 0 % and equivalent to large-scale
sugarcane distilleries.
Figure 5. A simple flow diagram of a diffusion microdistillery. A—forage chopper, B—diffusor,
C—roller mill, D—boiler, E — y e a s t treatment and distribution tanks, F—juice distribution 
tanks, G—fermentation tanks, H—beer-holding tanks, and I—distillation column (CNPMS/ 
EMBRAPA).
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These yields have been wi th maturity types
ranging between 110 and 140 days. Reeves and
Smith (1979) have reported yields surpassing 100
t /ha fresh weight wi th longer maturity types.
Under opt imum large-scale field operations,
Schaffert and Borgonovi (1980b) have reported
total fresh weight yields exceeding 80 t /ha with
130 to 140 day maturity types. Grain yields
normally range between 1.5 and 5.5 t /ha wi th
average yields between 2 and 3 t /ha.
Sweet Sorghum Quality
Alcohol from sweet sorghum is currently pro-
duced wi th technology and equipment used to
process sugarcane and during the next few years
wil l probably continue to be processed this way.
Alcohol or liquid fuel production from biomass in
the future may include technology to utilize the
cellulose fraction directly in the process. The
discussion here wil l be primarily limited to the
parameters dealing with ethanol production using
sugarcane technology. In Table 4. sweet sorghum
and sugarcane juice quality are compared. The
quality of juice from sorghum is slightly inferior to
juice from sugarcane, but then sugarcane has had
the advantage of a substantially longer period of
research than sorghum.
Schaffert and Borgonovi (1980b) have obtained
average values of juice extraction (Table 5) using a 
hydraulic press (250 kg/cm 2 for 60 sec) ranging
from 45 to 7 6 % in a collection of 55 varieties
originating f rom the germplasm collection at
Meridian, Mississippi. Percent fiber in the same
material ranged from 10 to 27%. The values of
Brix and total invert sugars were relatively low as
the material was sampled within a short span of
t ime and at different stages of maturity. The
variety Wray appears to be one of the most
promising varieties for both commercial use and
in a breeding program. Figures 6 - 9 demonstrate
the interrelationship between the curves of refrac-
tometry Brix of the juice, total invert sugars in the
juice extraction, fiber, and total invert sugar
extraction for the varieties Wray, Rio, Brandes,
and CMSTx 623, respectively. In Figures 10 -13
the differences between these four cultivars,
grown in Brazil, for refractometry Brix, total invert
sugars in the juice, juice extraction, fiber, and total
invert sugar extraction are shown. In Figure 13,
the period for industrial utilization (PIU) for Wray is
much superior to Rio and slightly superior to
Brandes and CMSTx623. PIU is the period of
t ime that total invert sugar extraction of a cultivar
is the greatest and at an economical level. Wray
generally has an acceptable PIU exceeding 40
days, whereas Rio generally has an acceptable
period of less than 20 days. This difference is not
due to the quantity of total invert sugars in the
juice, but rather to differences in juice extraction
and percent fiber (Fig. 12). Wray is a superior
variety for both the stalk crushing and the diffusor
process of sugar extraction. The varieties Brandes
and CMSTx 623 also have values more desirable
than Rio. Reeves and Smith (1979) have obtained
between 2 and 4% starch in dry stalks of
sorghum. Smith (personal communication, USDA,
Texas Agriculture Experiment Station, Wes/aco,
Texas, 1978) has reported similar values of starch
in the juice extracted from stalks. This starch does
not interfere in the fermentation and distillation
process but could be hydrolized and converted to
simple sugars before fermentation. Figure 14
demonstrates the major potential uses of sweet
sorghum for food, fiber, fertilizer, ethanol and
methane gas production. The only phase untested
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Table 4. Comparison of juice quality between sweet sorghum and sugarcane in Brazil.
Sweet sorghum Sugarcane
(Sao Paulo
State averages)Trait Literature National trials
Juice extraction (%)
Retractometer Brix
Sucrose (% juice)
Invert sugars (% juice)
Total invert sugars (% juice)
360-600
16 -20
10-15
1-4
14-20
500-700
14 -20
8 - 1 6
0,7-7.3
14-18
6 0 0 - 8 0 0
18 -21
1 5 - 1 8
0,2-1,5
1 6 - 1 9
Source: Schaffert and Borgonovi (1980b).
Table 5. Average values of Brix, total invert sugars, juice extraction, and fiber of selected sweet sorghum
varieties grown at Araras, Sao Paulo, Brazil in 1981.
Total invert
sugars Extraction Fiber
Variety Brix (% juice) (% sorghum stalk) (% sorghum stalk)
Brandes 16.7 14.7 63.2 12.5
Honey 13.0 11.1 73.0 11.6
Sart 14.7 12.4 69.8 14.8
Rio 16.4 14.2 57.6 16.1
MN 1500 14.2 11.4 61.1 1 8 5
M N 1048 14.1 134 56.5 22.0
M N 1030 15.2 10.0 4 7 6 25.8
MN 4008 10.6 10.5 74.9 12.0
Williams 13.5 12.4 70.5 10.1
MN 4080 14.1 — 45.7 26.6
Wray 19.3 16.8 67.5 14.8
Theis 16.4 14.2 71.5 14.8
Redlan 10.5 7.4 67.0 13.6
Tx623 10.8 7.0 64.0 13.6
Source: Schaffert and Borgonovi (1980b).
at the National Corn and Sorghum Research
Center in Brazil is the hydrolysis of the bagasse. In
the case where this system is integrated wi th a 
greenhouse system, the CO2 f rom the fermenta-
tion could be used to increase the CO2 concentra-
tion in the greenhouse. The biofertilizer can also
be used in a greenhouse system. Figure 15
demonstrates an integrated rural energy system
developed at the National Corn and Sorghum
Research Center in Brazil that can operate on a 
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Figure 6. The interaction of refractometry Brix and percent total invert sugars in the juice and percent 
fiber, percent juice extraction, and percent sugar extraction of sorghum stalks during the 
maturity phase for the variety Wray grown in Brazil (CNPMS/EMBRAPA). 
CMS X S 616 (Way)
86 90 95 100 105 110 115 120 125 130 135 140 145 150
Days after planting
9.0
8.0
7.0
6.0
(70)15
(80)20
(160)10
(150) 5 
zero petroleum and electrical energy input basis.
Many other options are also possible for total
utilization of the sorghum plant.
Economics of Producing
Alcohol from Sorghum
Table 6 shows the range and average yields of
sweet sorghum and ethanol production used for
planning purposes in Brazil. Agricultural yields can
be much higher than 37.7 metric tons of stalks
and 2.2 metric tons of grain per hectare under
good management. The average industrial yields
are those obtained by large industrial operations
and are currently about 20% less for microdistiller-
ies. Utilizing both the grain and the stalks to
produce alcohol, one hectare will produce 3387
liters of ethanol in 4 months. The utilization of one
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Figure 8. The interaction of refractometry Brix and percent total invert sugars in the juice and percent 
fiber, percent juice extraction, and percent sugar extraction of sorghum stalks during the 
maturity phase for the variety Brandes grown in Brazil (CNPMS/EMBRAPA). 
Figure 7. The interaction of refractometry Brix and percent total invert sugars in the juice and percent 
fiber, percent juice extraction, and percent sugar extraction of sorghum stalks during the 
maturity phase for the variety Rio grown in Brazil (CNPMS/EMBRAPA). 
86 90 95 100 105 110 115 120 125 130 135 140 145 150
(50) 5 
(60)10
(70)15
(80)20
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7,0
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5.0
9 0
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6.0
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(60)10
(70)15
(80)20 BR 500 (Rio)
Brix (% juice)
20.0
17.5
16.0
12.5
10.0
7.6
5.0
0
Figure 10. The differences between four cultivars grown in Brazil for refractometry Brix of the juice 
during the maturity phase of production (CNPMS/EMBRAPA). 
ratoon crop would increase this value by 50
- 8 0 % . Table 7 shows the production costs of
ethanol from sweet sorghum stalks in Brazil in
November of 1980 considering two levels of stalk
production and three industrial production levels
representing three types of microdistilleries, one
crushing unit, two crushing units and a diffusion
unit respectively. Horizontal and vertical diffusion
units for microdistilleries are currently being evalu-
ated in Brazil.
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Figure 9. The interaction of refractometry Brix and percent total invert sugars in the juice and percent 
fiber, percent juice extraction, and percent sugar extraction of sorghum stalks during the 
maturity phase for the variety CMSXS 623 grown in Brazil (CNPMS/EMBRAPA). 
CMS X S 623 (Brandes Derivative)
Brix (% juice)
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Table 6. Agricultural and Industrial yields of sweet sorghum in Brazil.
Agricultural
yield
(t/ha)
Alcohol yield
Component (liter/t) (liter/ha per harvest)
Stalks
Grain
Total
Range
Average
Range
Average
Range
Average
2 2 - 6 6
37.7
1.4-6.6
2.2
5 5 - 8 5
70
310-370
340
1210-5610
2639
434-2442
748
1644-8052
3387
Source: Schaffert and Borgonovi (1980b).
Table 7. Production costs of alcohol f rom sweet
sorghum in Brazil in microdistilleries,
November 1980.
I tem US$
Production costs/ha
Cost / t stalks (30 t/ha)
Cost / t stalks (40 t/ha)
Cost/ I alcohol (45 l i ter/t and 40 t/ha)
Cost/ I alcohol (59 l i ter/ t and 40 t/ha)
Cost/ I alcohol (68 l i ter/t and 40 t/ha)
320
10.67
8.00
0.22
0.20
0.17
Source: CNPMS/EMBRAPA. Caixa Postal, 151. 35700-Sete
lagoas, MG, Brazil.
Figure 11. The differences between four cultivars grown in Brazil for total invert sugars of the juice 
during the maturity phase of production (CNPMS/EMBRAPA). 
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Insensitivity to Photoperiodism
One of the factors limiting sorghum biomass
production in the tropics and subtropics is the
sensitivity of most of the cultivars to photoperiod-
ism. This seriously limits varietal management for
a prolonged harvest period of several months.
Two principal sources for insensitivity used in the
Brazilian sweet sorghum improvement program
Development of Improved Cultivars
Future Sorghum Biomass
Research and Development
are the varieties Wray and Honey. The varieties
Brandes, Theis, Dale, Roma, and Ramada are all
very sensitive and the variety Rio is intermediate
in reaction.
tage of green leaves until harvest to improve the
biological value of the bagasse for animal feed.
The varieties Brandes and Wray have adequate
levels of disease resistance in Brazilian conditions
but are susceptible to Cercospora sorghi. Resist-
ance or immunity to the sugarcane mosaic viruses
is necessary for cropping adjacent to sugarcane.
Good insect resistance is also necessary, espe-
cially resistance to the sugarcane borer (Diatraea
spp).
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Figure 13. The differences between four cultivars grown in Brazil for total invert sugar extraction of the 
stalks during the maturity phase of production (CNPMS/EMBRAPA). 
Figure 12. The differences between four cultivars grown in Brazil for juice extraction and fiber of the 
stalks during the maturity phase of production (CNPMS/EMBRAPA). 
11.0
10.0
9.0
8.0
7.0
6.0
5.0
90 95 100 105 110 115 120 126 130 135 140 145 160
Days after planting
CMS X S623 Rio
Wray
Disease and Insect Resistance
Cultivars wi th good levels of resistance to foliar
diseases are needed to maintain a high percen-
Days after planting
85 90 95 100 105 110 115 120 125 130 135 140 145 150
20.0(80)
17.5(78)
15.0(70)
12.6(65)
10.0(60)
7.5(55)
5.0(60)
0
% fiber
% extraction
Brandes
CMSXS623
Wray
Rio
CMSXS623
Brandes
Rio
Figure 14. The potential uses of sweet sorghum for food, fiber, fertilizer, ethanol, and methane gas 
production (CNPMS/EMBRAPA). 
619
Sweet sorghum
Leaves
(10%)
Sta lks
(75%)
M i l l i n g / d i f f u s i o n
Residue
(30%)
Bagasse
3 0 - 4 0 %
Juice 60-70%
Sugar 15 -17%
Silage
FiberBurningH y d r o l y s i s
Water
Vapor
Fermentation
Dist i l la t ion
Stil lage Biodigestor S t i l l age
Dist i l lat ion
EthanolBiogasBio fe r t i l i ze rEthanol E l e c t r i c i t y
A n i m a l
Food
Hydro lys is
Fermentation.
Panic les
(15%)
Grain
(70%)
Male-sterile Sweet Sorghum Lines
A new series of A and B sweet sorghum lines is
needed to produce hybrids. Hybrids produced
with the available A-lines are significantly more
productive but the juice quality is reduced and the
level of total invert sugars is more variable than for
commercial cultivars. Lines such as Redlan, Tx
622, Tx 623 and Tx 624 have not produced
adequate hybrids. The cost of hybrid seed produc-
tion is much less than the cost of variety seed
production due to harvest costs.
Maturity Groups
New cultivars wi th varying maturity lengths,
100-210 days, are needed to improve varietal
management for a longer total harvest period.
Most cultivars produced in the tropics normally
reach maturity between 110 and 140 days.
Improved Industrial Quality
Cultivars wi th greater total sugars, lower fiber,
and greater sugar extraction, as well as cultivars
with a longer PIU are needed.
High Energy Sorghum
High energy sorghums, as proposed by Miller and
Creelman (1980), wi th high potential levels of
grain production and large quantities of ferment-
able sugars in their stalks should be developed.
This will provide a greater range of processing
systems that can be employed for food, feed, and
energy production.
Stress Tolerance
It is necessary to develop sorghums for biomass
production that are more tolerant to moisture
stress, toxic aluminum stress, and acid soil stress
so that these can be grown in the marginal lands
that are acid, wi th toxic levels of aluminum, and
are subject to moisture stress. In Brazil alone
there are more than 180 million hectares of land
wi th these characteristics that are not currently in
crop production.
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Figure 15. An integrated rural energy system developed at the National Corn and Sorghum Research 
Center of EMBRAPA in Brazil (CNPMS/EMBRAPA). 
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Development of Basic Studies
Seedl ing and Initial G r o w t h Rates
Sweet sorghums are slow starters, they have
slower growth rates than grain sorghum for the
first 2 0 - 3 0 days of growth. The factors associ-
ated with this trait need to be identified to allow
breeders to develop fast starters.
Herbic ide and Insect ic ide Resistance
Sweet sorghums are generally much more sus-
ceptible to chemical damage than other sorghums
and grasses. Sources of resistance need to be
identified for utilization in a breeding program. The
use of protection agents mixed with the seed to
give a greater range of herbicide use is also
needed.
G r o w t h Curves
The development of growth curves associated
wi th sugar metabolism and accumulation is
needed as well as studies to determine the
optimum stalk size for maximum sugar production
and maximum sugar extraction during the indust-
rial processing phase. Other biochemical and
physiological aspects of sugar production and
accumulation also need to be studied.
Development of Improved
Management Practices
R o w Spacing and Plant Dens i ty
Optimum plant spacing and density studies need
to be developed to determine the correct com-
bination of total productivity, stalk size, and the
the type of industrial processing. Stalk size and
number are also important factors in manual
harvesting efficiency.
Date of Planting Studies
Regional date of planting trials for adapted culti-
vars are necessary for optimum varietal manage-
ment.
Mechanizat ion
The lack of adequate planting equipment neces-
sary for uniform stands is a limiting factor in many
of the tropical areas of the world and adequate
planting and management systems need to be
developed. Systems of mechanized harvest or
semimechanized harvest compatible wi th the
industrial process need to be developed.
W e e d Control
Adequate weed control systems need to be
developed. The use of seed protection agents for
greater herbicide choice and combinations of
mechanical and chemical control methods need to
be developed and improved.
Ratooning
Production systems utilizing one or two ratoon
harvests need to be developed. Until recently,
with the introduction of photoinsensitive varieties
ratoon cropping was not possible in the short-day
tropical environments. Schaffert and Borgonovi
(1980a) obtained total production of 166 t /ha
sorghum in three harvests near Petrolina, Pernam-
buco, Brazil with a selection from the variety
Honey in one year. New cultivars and systems for
ratoon cropping are essential for efficient varietial
management.
Fertil izer Calibrations
Fertilizer recommendations need to be developed
for high yielding sweet sorghums where the
entire crop is removed and stillage and biofertilizer
may or may not be applied to the soil. Reeves et
al. (1978) reported a range of removal of potas-
sium from the soil varying from 132 to 515 kg/ha
for three sweet sorghum cultivars. The phosphor-
us removed was much less and ranged from 15 to
37 kg/ha.
Development of More Efficient
Industrial Processes
The most promising system for the immediate
future, using sweet sorghum, is the microdistillery
with a capacity ranging from 500 to 5000 liters per
day. These are small cooperative or large farm
systems where approximately 10% of the crop
land area is needed for zero petroleum energy
inputs and where the by-products can be utilized
on the farm. Additional studies of stillage and
biofertilizer rates need to be made for opt imum
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utilization of these products. Improving the effi-
ciency of sugar extraction, cellulose hydrolysis
(biodigestor), fermentation, distillation and heat
transfer is important. Technology for more effi-
cient utilization of ethanol and biogas in farm
motors is also desirable. The biological values of
the by-products for animal feed also need to be
evaluated. Economical methods to utilize the
starch in the extracted juice for alcohol production
need to be developed for microdistilleries.
Fuel o r Food
or Fuel a n d Food
Using energy crops as a source of fuel places a 
new demand on agriculture to produce an adequ-
ate food supply. In the 1980s we wil l see a much
larger quantity of agricultural resources being
diverted to the production of nonfood crops than
could have been imagined in the 1970s. Food-
exporting countries such as the United States,
Brazil, Australia, New Zealand, and South Africa
are actively pursuing programs for the conversion
of crops into alcohol for fuel on a commercial
scale. As oil prices increase, distillers will be able
to increase the price of ethanol and will become
competitive in grain markets. The use of sugar
crops for liquid fuel will also compete for the
world's cropland to a large extent. The use of
sweet sorghum for liquid fuel production does not
need to be a question of fuel or food but rather an
option of fuel and food.
C o n c l u s i o n
If the production of large quantities of ethanol for
fuel from sugar crops becomes a reality, the
future of sweet sorghums in the eighties and
beyond indeed looks bright. Sorghum breeders
must utilize the tremendous genetic diversity of
this genus and direct breeding efforts toward
developing improved varieties and hybrids as a 
crop for fuel and agronomists must develop
production systems for the many industrial op-
tions available for processing sweet sorghum.
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Session 7 Food Quality and Utilization
P. Pushpamma* Discussant
It is a fact that the success of any cultivar at the
consumer level depends on several of its charac-
ters, rather than on any single factor. It is
recognized that until a decade ago, food scientists
and nutritionists contributed very little to improve
the postproduction system of sorghum, which
includes storage, processing and utilization. When
we first started the IDRC project in 1974 on
dryland crops, we were surprised to note that
there was hardly any information available on
storage losses in sorghum, quality characters of
sorghum foods, and milling quality of sorghum.
For these areas of sorghum, I feel that this
Symposium has shown that impressive progress
has been made recently.
The first paper in this session was presented by
Reichert on the present status of sorghum milling
and future needs. He made an excellent review of
the various efforts made in improvising and
adopting rice and wheat dehullers to suit the
structure of the sorghum kernels.
A number of the traditional sorghum prepara-
tions require dehulled grain which is obtained by
pounding, mostly by the wet method. He pointed
out the drudgery of women in day-to-day proces-
sing of sorghum, who are compelled by the poor
keeping quality of the flour. This is one of the
critical factors contributing to the tendency of
sorghum consumers to shift to more convenient
grains like wheat and rice.
Reichert especially emphasized the need for
developing mechanical milling, i.e., large-scale
processing units for urban markets, and also
medium to small size mills for rural consumers.
The latter definitely prefer to get their own grain in
small batches. This applies to wheat and rice in
rural areas. However, such efforts are conspi-
cuously lacking in India, though the problem is no
less in magnitude.
* Dean, Faculty of Home Science, Andhra Pradesh
Agricultural University, Hyderabad, A.P., India.
International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of
Symposium on Sorghum, 2-7 Nov 81. Patancheru, A.P., India. Patancheru, A.P. India: ICRISAT.
the International
He also referred to the existing gaps in the
knowledge on quality required for sorghum flour.
One of the key issues is the shelf life of processed
flour. Improving the quality depends upon the
removal of the germ which contains the best
quality protein. This also raises the question of
removing the oil and a loss of calories.
There are other nutritional implications of pro-
cessing which require careful consideration. In
traditional milling the level of dehulling is adjusted
to the nature of the grain. This is necessary not
only to maximize the extraction rate but also to
retain nutrients. This is especially important as the
outer layer of the endosperm and the germ
contain a higher concentration of nutrients. It may
not be out of place to recall here our experience of
introducing rice milling: Excess milling of rice for
better acceptability increased the prevalence of
vitamin B deficiency in rice consuming areas.
When this fact was recognized, hand pounded
rice was introduced into the market as "health
food" at a higher price as the practice of hand
pounding was totally replaced by rice mills. It is
therefore necessary to evaluate the dehullers for
their performance in terms of minimizing nutrient
losses and also for adjusting the level of dehulling
depending on the grain. Appropriate biological
evaluation of grain before and after dehulling is
necessary as apparent losses may be deceptive
as in the case of high-tannin varieties. Similarly,
the calcium content of any variety is reduced in
milling but availability is increased.
Regarding the gaps in the quality requirement
of flour, it may be different for different sorghum
products. For this purpose, a study of the charac-
teristics of the best quality and poorest quality
grain for different products may be useful in fixing
the maximum and minimum acceptable range of
quality parameters used for flour quality.
The introduction of suitable dehullers along wi th
flour mills will be necessary because:
• It reduces the drudgery of women in the
sorghum eating areas.
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• It converts sorghum as a convenient grain.
• It improves the quality of sorghum products.
• It checks the tendency of shifting from sor-
ghum to other grains.
• It is an essential step to develop composite
flours and to commercialize sorghum products.
Progress in the areas of sorghum food quality,
although not spectacular, is very impressive. Our
knowledge and understanding of quality criteria of
sorghum food and related grain characteristics are
much better than a decade ago. Rooney and
Murty not only suggested broad guidelines on the
grain quality requirements for different sorghum
foods but also projected the future scope of
coming up with very specific food quality tests
which will be done using a small sample and in
large numbers useful for screening purposes.
They made a very specific comment on why it is
difficult to develop food quality parameters for
sorghum. Sorghum products are exclusively used
for home consumption, unlike rice and wheat, the
products of which are industrialized.
Sorghum food preparation is more skill
oriented. While developing quality parameters it is
very essential to make an extensive study of the
skill oriented traditional methods of sorghum food
preparation and incorporate their significant fea-
tures in the standard laboratory recipes.
One of the outstanding contributions of Rooney
and his team is the description of the kernel
structure of sorghum and the possibility of using
endosperm quality as an index of the suitability of
the grain for a particular product. Sorghum breed-
ers wil l be delighted to note that all types of
endosperm are suitable for one or the other
product: soft kernel for leavened bread; hard
kernel for rice and porridges; intermediate texture
for rati and tortillas. Sorghums of white or light
yellow color are widely preferred and dark brown
colors are unacceptable. One of the conclusions
made was that except in the case of tortillas, the
color of the product is not very critical, but our
experience in India is different in this respect. One
of the most evident grain characters, as well as
product characters, is color.
The most complicating factor brought out in
their paper is the instability of the food quality
characteristics when tested across localities due
to genotype x processing method interactions.
There is also an indication of probable seasonal
differences. Their data suggest that locational
testing and seasonal testing should be part of the
regional testing program.
However, one of the optimistic notes is in the
variation in the quality of td wi th pH. It indicates
that slight adjustments in pH may possibly pro-
duce acceptable td within a moderate grain quality
range.
They emphasized the need for assessing the
grain qualities of most acceptable and least
acceptable varieties to determine the acceptable
range in the desirable grain characters. This wil l be
especially important in screening out the extreme-
ly poor and the least acceptable lines.
They also emphasized the need for developing
status foods for commercial production and evolv-
ing grain varieties suitable for this purpose.
The scope and limitations of improving the
nutritional quality of sorghum are described by
Axtell, Ejeta and Munck in a very pragmatic way.
The paper brought out a number of gaps existing
in our knowledge about the nutritional quality of
sorghum. Several questions were raised about
the ability of sorghum to support the growth of
children and also its desirability as human food.
One of the major issues discussed by them was
tannin in sorghums, and the interaction between
tannin content and protein quality.
In the International Symposium on Sorghum
Grain Quality, Butler gave an account of tannins
and made one interesting comment that because
of their high affinity for prolamine, the biologically
available protein in the high-tannin varieties is of
better quality and probably this is nature's way to
protect sorghum eaters.
Axtell. however, suggested that two alterna-
tives for detoxicating tannins are alkali treatment
and denuding. A better understanding of the
biochemistry of sorghum tannins and their interac-
tion wi th seed protein needs major emphasis in
the eighties.
Axtell also described the present status of the
high-lysine breeding program and the future pros-
pects. The situation seems to be quite encourag-
ing. He mentioned that in Ethiopia, the homeland
of the high-protein and high-lysine varieties, the
heads are roasted in the late dough stage and the
grain is eaten in a mixture wi th normal varieties
because the high lysine grains have a superior
flavor.
He also discussed the problems confronting the
development of suitable high-lysine varieties. The
dented grain (lines wi th a high-lysine content) and
low yield of the Ethiopian lines are the critical
characters for the low acceptability by the farmer.
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The possibility of introducing these high-lysine
varieties in their present form is ruled out.
Axtell made an excellent suggestion about
using these varieties for special purposes for
feeding vulnerable groups, such as children on
their weaning diets, and pregnant and lactating
women. The possibility of using these grains in
feeding programs, which are operated by govern-
ments, both in unban and rural areas has good
prospects. One of the highlights of his paper was
the attempts being made in chemically inducing
high-lysine mutants.
Several questions were raised about the diges-
tibility of sorghum proteins and the desirability of
sorghum as a human food, especially for children.
MacLean's experiment in Peru in feeding sor-
ghum to preschool children revealed very dis-
couraging results showing an extremely poor
value of sorghum protein for human beings. His
conclusion that it is totally unfit for human
consumption jolted the sorghum scientists, parti-
cularly the nutritionists. On second thoughts
however, it was realized that probably where
sorghum is considered as a food after going
through several changes in various steps involved
in primary and secondary processing in traditional
sorghum foods, the situation may be different.
Preliminary experiments conducted with kisra 
definitely indicated a possible improvement in
digestibility of sorghum, during processing. A 
similar improvement in the biological quality of
both protein and carbohydrates in these sorghum
foods defini tely deserves the attent ion of
biochemists and nutritionists.
Another aspect which needs consideration in
the context of sorghum food quality is the dietary
pattern of the sorghum eating population. Invari-
ably sorghum is consumed in combination with
other foods, especially legumes, and this pattern
is very well reflected in the cropping pattern of
sorghum growing areas. Work carried out in our
institution as well as in other places demonstrated
that sorghum when consumed in suitable com-
bination wi th legumes is not inferior to any other
cereal in its nutritional quality. However, there is
not much scientific evidence documented in
support of this hypothesis, except the experi-
ences of people working in these areas. From this
one can obviously draw the conclusion that
sorghum foods received very little attention by
nutritionists in the seventies and that they may
have to work harder in the eighties to answer
some of the vital issues raised here today.
Food scientists and nutritionists will be able to
contribute substantially in promoting sorghum and
sorghum products for human consumption by
filling the gaps in our knowledge on the food
quality of traditional sorghum foods. Assessment
of the nutritive value of these foods separately
and in combination with other complementary
foods like grain legumes, and developing suitable
processing technology to introduce sorghum
foods into the urban markets are essential to
create enough demand for surplus grain.
I am sure that we sorghum scientists will be
delighted to see small processing mills operating
throughout the SAT region and a variety of
sorghum foods occupying a place in the market
along with other cereal foods.
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Session 7 Food Quality and Utilization
Discussion
Bapat
What is the maturity range in the sweet sor-
ghums? At what stage is the crop harvested for
extracting alcohol?
Schaffert
There are varietal differences and the right stage
of harvest is at physiological maturity.
Riccelli
I would like to inform all those interested in
sweet sorghums that in our program we have
male-sterilized several of them and they are
available upon request.
Clegg
The University of Nebraska is developing a 
demonstration farm based on renewable fuels.
Sweet sorghum is the principal crop for alcohol
production. We have noticed that the growth
response of hybrids is rapid. We are interested in
hybrids because we need to harvest before we
get a killing freeze and we are also interested in
grain for feed.
Schaffert
We have also worked with hybrids. We have
observed that varieties have a much slower
initial growth than hybrids but our hybrids do not
have stable and adequately high total concentra-
tions of invert sugars to be used.
Balasubramanian
Do you think sweet sorghum can replace sugar-
cane in the tropics? What is the popularity of
grain obtained from sweet sorghum for food?
Schaffert
(1) Sweet sorghum cannot replace sugarcane;
we are using sweet sorghum to cover the
season in which sugarcane is not available.
(2)Grain quality is a variable trait and can be bred
on sorghums with sweet stems.
Balasubramanian
Is there any information on the carcinogenic
quality of high-tannin sorghum grains?
Axtell
Not really—only some epidemiological evidence
from Tibet and China is known.
Ryan
Tannins have an adverse effect on the nutritional
benefits to be derived from high-lysine sor-
ghums. Even if we are successful in dehulling
the high-tannin portions of sorghum grains wi th
improved milling techniques, much tannin would
remain from other components of the diet such
as tea, tobacco, etc. If sufficient tannins remain
from nonsorghum components, then the benefi-
cial effects of improving lysine content of sor-
ghum may be negated.
Axtell
We regard improvement for high lysine as a 
research problem and not as a breeding problem.
Naingaad
During fermentation to produce sorghum beer, is
methanol development a problem?
Rooney
Methanol is not a problem in the production of
sorghum beer. Methanol is sometimes a prob-
lem in improperly distilled, alcoholic beverage.
Many studies of fermented sorghum products
indicate that there is nothing to fear from
methanol production during fermentation.
Miller
What is the future for development of foods
from sorghum through food processing techni-
ques?
Rooney
Sorghum can be used to make breakfast cereals,
snacks, starch, sugars, and other products that
are currently made from maize. The use of
sorghum as an adjunct in European type beer is
already happening in some areas, e.g., Mexico.
New milling procedures will hasten the develop-
629
ment of acceptable sorghum products.
Jambunathan
(1) In a sorghum breeding program, what should
be considered as the optimum level of protein
and lysine content? With respect to lysine,
should it be considered as the percent of the
sample or percent of protein or both?
(2) Has there been a careful evaluation of the
relationship between yield level and protein
content? If so, is it strongly negative?
(3) Is there a need to screen the sorghum
germplasm for protein and lysine at ICRISAT in
view of the work already done at Purdue?
Axtell
(1) Lysine expressed as percent of protein is
most important to the plant breeder since
protein levels in high yielding varieties will
usually not increase or decrease much (approxi-
mately 10% in sorghum). The nurtritionist is
interested in lysine as a percent of sorghum
since this is most highly connected wi th nutri-
tional value.
(2) Protein concentration is usually negatively
correlated with grain yield in cereals. Selection
for high protein alone will result in selection for
factors which decrease endosperm size.
(3) Purdue cannot possibly screen all the entries
in the rapidly expanding world sorghum collec-
tion. I would suggest that representative sam-
ples of entries should be selected for protein and
lysine analysis and the task could be divided
between Purdue and ICRISAT.
Jones, D.
Dr. Rooney said "if you do not have yield
stability, forget about quality." This is almost the
wrong way around. In Africa, high-yielding
varieties (HW) are almost totally ignored be-
cause they are regarded as unpalatable. In India
we are told that HW sell for 3 0 % less than
traditional varieties. Note that a farmer is indiffe-
rent between a variety that produces 4 3 % yield
increase for 30% price decrease and a variety
that produces 1 1 % yield increase for 10% price
decrease.
Jones, D.
Has Dr. Axtell investigated the lysine content of
whole diets in sorghum areas after local proces-
sing? I suspect that the nutritional problems of
sorghum would look far less serious if he did
this. Most people in sorghum eating areas eat
beans or pulses as well and do process their
food.
Axtell
This is correct. The data presented are base-line
and are a comparable basis to that collected for
other cereals. Data on whole diets and mixtures
of diet should be collected.
Jones, D.
The use of the bran fraction of other cereals
(maize, wheat) makes an important contribution
to the economics of processing. Processing of
sorghums wil l produce large quantities of high-
tannin bran. Experience in Botswana shows that
this is not suitable for addition to poultry feed.
How can this sorghum bran be used to make a 
contribution to the economics of dehulling/
processing?
Rooney
The bran from milling of sorghums is similar to
wheat bran in that it is high in fiber, fat, and ash.
It can be used in livestock feeds so long as care
is used to formulate rations that are not too high
in fiber. Sorghum bran in the USA is used in
feeds similar to corn and wheat dry milling
by-products. The bran from brown sorghum
would probably be restricted for use in ruminant
feeds.
Kambal
The fact that sorghum is low in lysine does not
bother me as a sorghum consumer because
sorghum is not eaten alone but mixed wi th
vegetables, meat and milk. What is more wor-
rying is the shift from sorghum to wheat in urban
areas. I think the dehulling process is providing a 
breakthrough and is encouraging the consump-
tion of sorghum substantially. The bran is not lost
because it can be fed to animals to produce
more meat and milk.
In the eighties, further effort is needed in
novel food preparation to encourage more peo-
ple especially in towns to continue to eat
sorghum. More cooperation between scientists
in the developing nations and those in developed
countries is urgently needed. Provision of better
research facilities in developing countries may
encourage them to remain there and contribute
to the combat of hunger.
630
Session 8 
Socioeconomic Considerations
Rapporteurs: N. S. Jodha
K. N. M u r t y
Chairman: V. F. A m a n n
Co-Chairman: T. S. Walker
Socioeconomic Considerations in
Sorghum Farming Systems
D. W. N o r m a n *
There is considerable heterogeneity in the farming
systems found in the semi-arid tropic (SAT)
regions of the world, where sorghum is usually
the dominant crop. The heterogeneity consists
not only of variations in the natural environment
but is also due to considerable differentiation in
the socioeconomic environment. The underlying
objective of this paper is therefore to demonstrate
in an illustrative fashion how an economist looks
at the reasons for this diversity and the implica-
tions these have for work in sorghum breeding
and agronomy, and for designing economic poli-
cies which affect sorghum growing regions. In
examining these, two important, essential asser-
tions are made:
1. Because of the low level of agricultural produc-
tivity and hence low incomes in the SAT
regions, improvements in the overall income
level cannot rely simply on redistribution of
incomes or heavy subsidization by government
but also have to be based on the development
and adoption of relevant improved technology1
in the sorghum dominated farming systems.
2. The major customers of improved sorghum
1. A suitable or relevant agricultural technology is a way
of doing things (combining resources to undertake
crop, livestock and off-farm enterprises) in such a way
that it is compatible wi th environmental constraints
(both natural and socioeconomic) and as a result
contributes to the aspirations of the farming families
using it. The definition of a relevant improved agricul-
tural technology is one that is adopted by farming
families and helps them achieve their aspirations
more easily through improving their efficiency (pro-
ductivity).
* Professor of Agricultural Economics, Department of
Economics, Kansas State University, Manhattan, Kan-
sas 66506, USA.
International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of
Symposium on Sorghum, 2-7 Nov 81, Patancheru, A.P., India. Patancheru, A.P. India: ICRISAT.
the International
technologies will be the mass of farming
families and not plantations, government and
private commercial farms, etc.2
Aspirations and
Farming Systems
There is a certain universality in the aspirations of
farming families and rural laborers which include
as the most important elements income, effort
avoidance and risk avoidance.3 In economic terms
this can be stated as rural people trying to
increase their utility (satisfaction) which increases
with income but decreases with effort or higher
levels of risk. This can be restated as maximizing
income for any given level of effort and risk, or
alternatively reducing risk (or effort) for a given
level of income.
Attempts to maximize utility take place within a 
set of constraints. It is not differences in aspira-
tions but rather differences in the constraints
which lead to the most important differences in
farming systems. These differences can be
grouped in a number of ways. For example, one
convenient classification is as follows:4
2. Such types of production systems that are generally
highly capital intensive, (i.e., highly mechanized) have
had a bad history for many crops in Africa (IBRD 1981;
Norman 1981).
3. Economists used to largely ignore risk considerations.
However, recent research by Binswanger (1981) in
India, Sillers (1981) in the Philippines, Walker (1981) in
El Salvador, and Greeley (1981) in Thailand shows that
farmers almost universally try to avoid or reduce risk.
4. Accessibility to the socioeconomic determinants (2.
3, 4) may be partially determined by community
structures, norms and beliefs.
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1. Climatological and physical conditions.
2. Factor (resource) endowments and prices.
3. Exchange or market systems for inputs and
outputs, and their related per unit costs and
prices.
4. Information availability.5
The technology available for use by farming
families is in essence determined by all of the
above and is therefore of crucial importance in
differentiating farming systems. In designing im-
proved technologies, agricultural scientists have
long recognized the importance of climatological
and physical heterogeneity in determining their
research strategies.This indeed is a big enough
challenge in the SAT regions generally characte-
rized by a harsh climate (with its limited, erratic
and unpredictable rainfall) and poor soils. Never-
theless, in spite of this, it is not prudent to ignore
the potential role of socioeconomic determinants
(i.e., 2. 3 and 4 above) in designing relevant
improved technologies. Many examples exist
where ignoring the socioeconomic determinants
has led to costly errors in research decisions.6
Conversely, many economists have often failed to
understand the implications of physical, climatolo-
gical, or technological constraints for their econo-
mic policy recommendations.
However, farming systems are not only heter-
5. Traditionally experience which is a function of age is
important. When external information starts to come
to a region, communication facilities, education and
extension services become important.
6. The reductionist commodity approach is a powerful
research tool often used in developing improved
technology. However, it has to be used w i th great
care since it abstracts f rom the complexities of the
natural and socioeconomic environment in which
farming families operate. Incorrect specification of
the environment in designing research priorities wil l
result in the development of irrelevant technology. An
example pertains to a technological package de-
veloped for cotton in northern Nigeria which was
rejected because it involved planting earlier in the
season. Although yields per hectare were higher than
the traditional late planted cotton, farming families
rejected the improved technology since its adoption
would involve reallocation of labor f rom food crops
used for home consumption which also yielded
higher returns from labor at that t ime of year (Beeden
et al. 1976).
ogeneous in terms of space, but can also be very
heterogeneous over time. Changes in farming
systems can occur over time as a result of
alterations in the constraints faced by farming
families. In West Africa, during colonial times
much of the expansion in cash crop production
(e.g.. cotton and groundnuts) was closely linked to
the development of a bigger market for those
crops as a result of the construction of the
railways and roads (Hogendom 1976; Lele 1975)7
Farming families responded by devoting surplus-
land and labor8 to producing these crops with the
help of traditional (indigenous) technologies.
Therefore, it is important to distinguish long-
term determinants from those which change
more rapidly. During 1982, many breeders wil l
already be working on technologies for the 1990s.
This, however, is not so much the case for
agronomists and extension specialists who wil l
have to grapple wi th shorter-run issues. Physical
and climatic factors are virtually constant, while
resource availabilities of countries and regions
change relatively slowly. However, the other
socioeconomic determinants of farming systems
such as market systems and information availabil-
ity, can change very rapidly. Therefore, provided
that relevant research systems are in place,
available improved technologies for sorghum and
competing crop and livestock enterprises can also
change rapidly. For example, development of the
market and exchange systems on the input and
output side is a crucial component of Green
Revolution technologies wi th their clearly superior
yields.
Because farming systems change, it is impor-
tant to realize that descriptions of farming sys-
tems and the resulting perceived problems of
farming families will not always be reliable guides
for all research decisions. For example, develop-
mental research decisions (i.e., research that has
an intermediate to long-run pay-off) could be
irrelevant if based on a constraint which conscious
economic policy or the normal course of develop-
7. This is generally considered to provide collaboration
for Myints ' Vent for Surplus model.
8. Some people question that there was always surplus
labor. Rather, labor was sometimes reallocated f rom
food crops to export cash crops to provide cash to pay
taxes (Nicolas 1960; Kafando 1972).
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merit could remove in the near future.' It is
therefore necessary to interpret the descriptions
of farming systems and the constraints they
exhibit in a comparative fashion over space and
time and to attempt to distinguish between
constraints with long-term relevance and those
which are more easily changed.
This paper concentrates on two major groups of
socioeconomic determinants of farming systems
that have already been mentioned, namely factor
endowment, and market-exchange systems. Af-
ter discussing the significance and implications of
these for breeders, agronomists and economists,
the topic of hybrids, which impinges on both the
main themes of the paper, is discussed.
Factor Endowments
Although the levels, qualities and relative propor-
tions of the factors of production (i.e., land, labor,
and capital) have long been recognized as impor-
tant in differentiating farming systems, they were
not explicitly recognized as important determi-
nants of the nature of technical change until the
late 1960s (Hayami and Ruttan 1971; Binswanger
and Ruttan 1978). Their Induced Innovation
hypothesis reasons that technologies which in-
crease productivity per hectare (i.e., yield-
increasing technologies) are the major and
cheapest source of growth in environments such
as Japan or India wi th high population densities
and hence low land/labor ratios. Conversely,
technologies which primarily raise the productivity
of labor (i.e., labor-saving technologies) have
been, and are likely to be, the major and cheapest
source of growth in land-abundant economies
such as the U.S. and parts of Africa.
9. However, taking such constraints into account in
determining research decisions is very important in
farm located applied "downst ream" farming systems
research which seeks to improve the level of liveli-
hood of farming families in the short to intermediate
run (Gilbert et al. 1980). Under such conditions,
research decisions on whether to attempt to over-
come the identified constraints or avoid them through
exploiting the flexibility in the farming system wil l
depend on the nature or severity of the problem, and
the potential solutions arising from earlier experiment
station based developmental research, ability to
influence economic policy and hence market and
exchange systems, etc.
However, this is not the whole story. There are
not only direct beneficial impacts of such tech-
nologies on the most limiting factors but there is
also the possibility of indirect beneficial or adverse
compacts on other factors used in producing the
product. For example:
1. Yield-increasing technologies (e.g., improved
seed, fertilizer; pest, disease and weed con-
trol, improved cultural practices) wil l , providing
there is no change in the power source, usually
increase labor requirements. As a result, de-
pending on circumstances, 10 this can have
either a positive or a negative impact on labor
productivity.
2. Labor-saving technologies, such as draft ani-
mals and relevant equipment, can improve the
productivity of labor, therefore permitting a 
larger area to be cultivated without a decrease
in the productivity per hectare. Alternatively,
labor-saving technologies such as herbicides
cutting down on hand weeding, and draft
animals and equipment reducing hand weed-
ing and improving timeliness of operations can
sometimes help increase the productivity of
land.11
3. Obviously, yield-increasing technologies com-
bined with labor-saving technologies are likely
to have positive effects on both land and labor
productivity.
In the following discussion these ideas are
applied to sorghum farming systems of the SAT
regions. Obviously, differences in land/labor
ratios are most pronounced between countries in
Africa and Asia but important differences also
exist within African and Asian countries.
Land/Labor Ratios and
Seasonality of Agriculture
The seasonality of rainfed agriculture on the SAT
regions causes special problems involving labor
peaks or bottlenecks during specific periods of the
rainy season and underemployment particularly
during the dry season. This is one of the reasons
10. Such as the degree to which yield is increased.
11. In Francophone West-African countries, incorpora-
tion of plant residues through deep plowing (enfouis-
sement) w i th animal traction every 2 to 4 years is
considered important in maintaining the productivity
of land (Charreau 1978). However in India, Binswan-
ger (1978) concluded that the use of tractors did not
by themselves increase the productivity of land.
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why a substantial percentage of farming families
in the SAT regions supplement their income from
agriculture through working in other occupations
within or outside their home areas, particularly in
the dry season.12 The severity and nature of labor
bottlenecks during the rainy season is determined
in part by the length of growing season (the
shorter it is the more peaked is labor activity), the
type of technology being used and the power
source (Norman et al. 1981).13
This pronounced peaking of agricultural activi-
ties in rainfed agriculture can complicate decisions
concerning research priorities. Whether or not
they should receive serious attention in research
design will depend on the local situation particular-
ly with respect to the land/labor ratios.
An example illustrating this pertains to one of
the very common labor bottlenecks in the SAT
regions involving weeding crops. Binswanger and
Shetty (1977) have looked at the potential for
herbicides solving this problem in India. An
investigation of current practices revealed impor-
tant information required in evaluating the poten-
tial value of herbicides.'4 They found farming
families, sensitive to the adverse impact of
weeds, rationally adjusted their weeding opera-
tions according both to the severity of the
problem and to the potential payoff from weeding.
In general, there were high levels of interrow
cultivation with animal draft power and intrarow
cultivation with hand labor. Although labor require-
ments for weeding operations were high, wage
rates are low at such times. Consequently, even
when all labor was costed at the market rate,
budget studies on the cost effectiveness of
herbicides indicated they were not competitive
12. Such work patterns, that on a monthly basis show a 
negative correlation wi th agricultural activities on
family farms, are in contrast to the farm laboring
activities of the rural landless and land poor families
in India where the level of such work is positively
correlated w i th the agricultural cycle.
13. Labor bottlenecks can also be a function of the
aggregation period used for analyzing the data (e.g..
week or month). This can on occasion create
misleading impressions about the severity of the
labor bottlenecks. Where t iming is a critical issue
(e.g., in the weeding operation) the aggregation
period should be shorter.
14. Value was estimated by looking at cost effective-
ness assuming that there were no yield effects of
different methods.
with current practices. Also much of the labor
provided for the weeding operation is contributed
by the most disadvantaged labor group in the
Indian economy, namely female agricultural labor-
ers from poorer families. Thus the societal costs
of introducing herbicides, in terms of displacing
labor, would be potentially very high. Not surpris-
ingly these findings have led ICRISAT to deem-
phasize chemical weed control in the Indian part
of its research program (Binswanger and Ryan
1980).
The conclusion could well be different in areas
of lower population density (i.e., higher land/
resident ratios and no landless laboring class).
However, working with farmers in northern Nige-
ria, where such conditions do in fact prevail,
Ogungbile (1980) still derived negative conclu-
sions concerning herbicides. Incorporating his
results into a dynamic linear programming model
he found that the discounted net incomes over a 5 
year period were highest for farming families
using oxen, in the middle for those using hand
weeding only, and lowest for those using herbi-
cides. Although there were obviously problems
with the herbicide technology packages and the
farmers' application of them, 15 some legitimate
doubts can be raised about their always being
relevant even in areas where land/resident ratios
are higher. It is likely, for example, that herbicides
wil l only be profitable when combined wi th
yield-increasing technologies that usually involve
raising plant population densities and that, without
herbicides, require more intensive weeding.'6 This
in fact is currently occurring to a small extent in
Mali Sud where yield-increasing cotton technolo-
gy has been so widely adopted. An additional
problem of using herbicides is finding those that
are suitable for use in crop mixtures so character-
istic of traditional systems of agriculture. A further
15. For example, the herbicides applied prior to planting
in the form of herbilizer were not always very
effective. In addition farmers often weeded before it
was really necessary, further decreasing the effec-
tiveness of the herbicides in reducing labor inputs.
16. For example, in India Binswanger and Shetty (1977)
found in some villages wel l over 5 0 % of the
sorghum fields were interrow cultivated w i th animal
draft three or more t imes whi le about 3 0 % of the
fields were hand weeded t w o or more t imes. In
contrast in northern Nigeria, many of the sorghum
fields are not weeded more than two t imes while
often no animal draft power is used.
636
problem in introducing herbicides is that it re-
quires a good marketing system for distributing
inputs, a subject which is discussed later in this
paper.
Nevertheless, although doubts can be raised
about the universal application of herbicides in
areas where land/resident ratios are higher than
India, and where there is no landless laboring
class, it does not negate the attention that should
be paid to labor bottlenecks in such environments.
Agronomic practices and varieties that avoid such
seasonal labor bottlenecks or do not accentuate
them are likely to be more acceptable than those
that ignore them, even if bottleneck considera-
tions result in some sacrifice in terms of yield."
Recent work by Matlon (1980) in Upper Volta has
emphasized the potential problems of ignoring
them. Preliminary results from testing the tech-
nological package revolving round the sorghum
variety E35-1 indicated that delays in planting
resulted because of the specification that plowing
had to be done, a practice that is not traditionally
done. Unfortunately, it appeared that this could
not be circumvented by plowing earlier since
farmers claimed plowing we/I before planting
caused soil crusting making it difficult for seed-
lings to emerge.
High Land/Resident Ratios and
an Open Land Frontier
High land/resident ratios imply the presence of
unused land and, provided that the land tenure
situation is not exploitive, the absence of a 
landless laboring class. In contrast to India such a 
situation prevails in much of Africa.
The very different factor proportions between
the two regions imply different specifications as
to what would constitute relevant improved tech-
nology. Traditionally, in areas with plenty of land,
land extensive techniques, such as shifting culti-
vation in some countries in Africa, have been
17. For example, the results concerning cotton discus-
sed in an earlier footnote led to developing recom-
mendat ions for a later planted cotton, wh ich
although potentially lower yielding, required labor
inputs primarily after the seeding bottleneck for food
crops was past (Beeden et al. 1976). Unfortunately.
as it happened, this strategy has not worked wel l
primarily because of the rapid rise in prices farmers
receive for selling food crops compared wi th that for
cotton.
employed in which soil fertility regeneration is
achieved through fallowing, and return per unit of
the scarcest resource, labor, is maximized.18 This
rational traditional response is also relevant as a 
guideline for developing relevant improved tech-
nology. In such a situation, labor-saving technolo-
gy is required that will increase labor productivity
particulary at the times of the year when it is most
constrained, thereby releasing labor to bring a 
greater area into cultivation. These technologies
are particularly important in such areas where no
reliable market for peak season labor exists."
Indeed the labor market, to the extent to which it
exists in such situations, resembles a sophisti-
cated labor exchange system. For example, tradi-
tionally various social systems have often existed
which have allowed more influential society mem-
bers to get access to labor. Examples in countries
in Africa would be village heads requiring villagers
to work on their fields, complex family unit heads
requiring individual family unit members to work
on certain fields, etc.
In Africa, animal traction, which is particularly
the province of agricultural engineers and some-
times animal scientists, has been perceived by
some governments to be the major means of
enhancing labor productivity.20 However, the signi-
ficance of increasing labor productivity has not
always been perceived in the work of agronomists
who, as the preceding section implied, are natural-
ly orientated towards increasing the yield per
hectare.
18. In the SAT region of West Africa, the " r ing"
cultivation system is a variant of the land extensive
traditional system. Some fields usually near the
residence are permanently cultivated and soil fertility
is "maintained" through manuring, while fields
further away are cultivated for a few years after
which soil fertility is restored through fallowing
(Marchal 1977).
19. For example, in northern Nigeria one study showed
that on an average farm the marginal value produc-
tivity of labor (i.e., the value the last unit of labor
contributed to production) during the weeding bot-
tleneck period was substantially higher than the
wage rate indicating that substantially more labor
could profitably be employed during this period
(Norman 1970).
20. This has been particularly the case in Anglophone
West African countries. Sargent et al. (1981) have
produced a useful review of animal traction in
Francophone West African countries.
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An example of the possible problem of this is an
improved technological package (i.e., consisting
of SK5912 sorghum, seed dressing, fertilizer,
higher stand density, etc.) which was tested wi th
a sample of farmers in northern Nigeria over a 2 
year period, one of which was a drought year
(Norman et al. 1978). As expected, there was a 
substantial increase of more than 8 0 % in net
return/hectare using oxen primarily for land pre-
paration and some interrow cultivation. However,
because of labor being more limiting than land, a 
more relevant criterion would be net return per
man-hour.21 Using this criterion, the net return per
total man-hour was only slightly higher when oxen
were used and estimated to be lower if only hand
labor had been utilized. Two important implica-
tions of these results are as fol lows:
1. They indicate adoption of the improved
technological package involved substantially
more labor." In evaluating the possible
severity of the problem of increasing labor
requ i rements in a labor-scarce land-
abundant region it is important, as sug-
gested earlier, to determine when during the
production cycle such increased labor is
required. Increases occurring during periods
when labor is underemployed obviously
would be more acceptable than that occur-
ring during peak periods. In the case of the
improved sorghum package, almost 7 0 % of
the increased labor requirements were de-
voted to harvesting the increased yield,
which constituted a new peak but on ba-
lance was probably a less serious one than
the weeding bottleneck where timing is so
critical.
2. The figures given above indicate that accep-
tability of yield-increasing technologies in
labor-scarce areas may be increased through
combining them wi th labor-saving technolo-
gies such as draft animals and equipment,
2 1 . Particularly for labor put in during the period(s) when
labor was most limiting. However, in order to
simplify the presentation, this discussion is confined
to the net return per annual man-hour. In this
particular example, the conclusions would not have
changed if instead the return per man-hour put in
during the labor bottleneck period (i.e., June-July).
had been used.
22. That is, 138 more man-hours/hectare using oxen
and 160 more man-hours/hectare using hand labor
only.
thereby increasing labor productivity during
labor peak periods. It is perhaps not surpris-
ing that in Francophone countries in West
Africa, the introduction of animal traction has
been perceived by governments as a means
of land intensification when combined wi th
yield-increasing technologies, although far-
mers often view it in a more traditional way
as a means of increasing the area cultivated
(i.e., extensification). Certainly in India anim-
al traction has become closely identified
wi th yield-increasing technologies.
These remarks appear to deviate from the
premise at the beginning of this section that, in
areas wi th high land per resident ratios, the most
profitable way of increasing production is through
expanding the area cultivated via labor-saving
technology which increases labor productivity at
labor bottleneck periods. However, the reason for
the apparent inconsistency can be found by taking
into account the following points:
1. The potential role of animal traction in land
intensification does not necessarily negate
its role in land extensification.
2. Unlike many parts of the SAT regions of the
world, draft animals have a relatively recent
history in countries in Africa and are there-
fore not part of subsistence agriculture."
Introduction of animal traction, particularly in
West Africa, has accompanied the development
of a market system because funds have to be
provided, usually from selling agricultural produce,
to purchase the equipment and often the animals.
The strong emphasis on yield-increasing research
and earlier often less emphasis on labor-saving
research that would break relevant bottlenecks24
appears to have led by design and default to
support systems on the input side that have
23. For example, animal traction has a history of only
about 60 years in West Africa. Exceptions do exist
such as in the case of Botswana where cattle
traditionally were owned by cultivators who consi-
dered ranching as their primary occupation.
24. For example, in a study in the Gombe area of
northern Nigeria, Tiffen (1976) found that farming
families utilizing animal traction for preparing more
land ended up paying more hired labor for the
weeding operation. In this case, suitable equipment
was not available to satisfactorily overcome the
most pressing labor peak (i.e., the weeding bot-
tleneck).
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emphasized yield-increasing technologies.25 As a 
result, the most successful introduction of oxen
has occurred where farmers have most widely
adopted the successful yield-increasing technolo-
gies for export cash crops (e.g., cotton in Mali Sud
and groundnuts in Sine Saloum in Senegal).
However, this situation does not negate the
assertion that given the availability of relevant
labor-saving technologies and relevant support
systems permitting their adoption, there would be
a greater response in terms of increasing the
areas cultivated. For example, in Thailand where
animal traction is traditionally part of the farming
system, much of the increase in agricultural
incomes in the last 20 years has come from area
expansion although yields of most crops have
declined as more marginal land has been brought
into cultivation. In the northeastern part of the
country cassava, being a less labor-intensive crop
than rice and kenaf, has expanded rapidly.
Possibly, under such circumstances, breeders
have a less clear role in developing improved
techno log ies than agronomis ts and other
scientists." Work emphasizing land-intensive de-
velopment/conservation, irrigation," etc., is not
likely to be adopted by farming families, but
agronomists in conjunction with other scientists
still have a significant role to play in developing
practices that improve the productivity of labor
such as intercropping and other practices which
can help alleviate the weeding bottleneck period,
improved planting systems, minimum tillage, re-
ducing labor-intensive activities such as bird and
monkey scaring, etc. However, as will be discus-
sed later, the large distances resulting from high
land/resident ratios make it likely that market
systems, and hence access to support systems,
might not be so well developed as in more
densely populated areas. Consequently, under
25. In many cases, the presence of tree stumps in fields
has encouraged animal traction being linked wi th
land intensification, since the destumping operation
involves substantial investment.
26. Obviously, if breeders were to provide varieties
attuned to such a resource base, stability of yield,
resistance to diseases and pests and ability to
withstand competit ion from weeds would be more
important criteria than responsiveness to additions
of nitrogen fertilizer.
27. This does not however negate the possible use of
irrigation in the dry season when labor is underem-
ployed.
such circumstances improvements that require
low dependence on the support systems are likely
to be easier for farmers to adopt. However, in
suggesting this, it is recognized that it makes it
more difficult for agricultural scientists to develop
improvements.
Variations in Land/Labor Ratios
Among Farmers in the Same Region
We have earlier suggested that inter-regional
variations in land/labor ratios tend to be large. In
the SAT they tend to be larger than intra-regional
differences. A study undertaken by Ryan and
Rathore (1978) in Indian villages showed that
factor "ownership" ratios (i.e., ratio of "owned"
land28 to family labor) differ quite widely on large
and small farms. However, factor use ratios differ
much less among the groups although there is a 
large variation within the groups. The reason for
the narrowing of the ratio is that factors such as
land and labor are exchanged in rental markets.
Ryan and Rathore (1978) suggest that current
policies aimed at improving the access of oper-
ators of small farms to institutional credit markets
will result in even more similar factor use ratios
between small and large farms. In another study
in the same villages, Binswanger (1978) found
that both small and large farmers are moderately
risk averse. Therefore, on the basis of both factor
use ratios and risk aversion grounds, it was
concluded that little could be gained from de-
veloping different improved technologies for small
and large farmers. Rather, emphasis has to be
placed on relatively profitable and stable technolo-
gies for all farmers and improved accessibility of
small farmers to input support systems (i.e..
modern inputs, credit, and extension).
There are no directly comparable studies to
ascertain whether the same conclusions would
apply in countries in Africa. We would hypothesize
however that in areas of high land/labor ratios
where the amount of land cultivated is largely a 
function of the size of the family labor force, factor
use ratios are not likely to differ significantly. In
areas of lower land/labor ratios, sophisticated
exchange/mobilization mechanisms for exchang-
ing factors appear to give way to rental markets.
28. "Owned" is placed in inverted commas since
generally in African countries individuals have usuf-
ructuary rights to land but do not actually own the
land itself.
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Although those would appear to encourage a 
move towards more equal factor use ratios, it may
well be that because of the poorly developed
input support systems, there is often inequitable
access, therefore preserving differences in the
factor use ratios. However, even if this is the
case, the solution may often be more wi th
adjusting accessibility to the support systems
rather than developing different improved tech-
nologies, but the difficulties of doing this should
not be underestimated.29
Exchange or Marke t Systems
for Inputs and Output
The exchange and market systems are of crucial
significance in determining the relevancy of parti-
cular improved technologies. The degree of mar-
ket development is in turn influenced by a number
of factors. All other things being equal, it is likely
to be positively related to the level of develop-
ment and negatively related to the physical
distances to be covered.
Because of constraints imposed by the lack of a 
marketing system, farming families are then
forced to be self-sufficient. It is not surprising that
a self-sufficiency orientation is often more pro-
nounced in areas of low population density where
high land/labor ratios prevail and the costs of
market development per customer are therefore
relatively high.
The self-sufficiency orientation, usually implying
an adaptation to low levels of production/income,
is also an adaptation to the "costs" faced in
exchanging goods and factor services. From the
perspective of the self-sufficient farming family,
these costs are deemed to be very high. For
29. Because of limited resources, governments which
usually provide such support systems find it difficult
to provide them at the level that would be desirable.
Consequently, access to such systems is often
confined to the more influential and economically
powerful farming families. Also problems are de-
veloping wi th the adoption of certain types of
technology. For example, in Mali in recent years, the
prices of cash crops have increased less rapidly than
prices of animals and equipment (CRED 1976). Thus
adoption of animal traction has slowed down creat-
ing an increasing dichotomy between those who
already possess animal traction and those who do
not (Ernst 1976).
example, because of the effort required and low
profitability levels, there may be little incentive to
take small quantities of products to distant mar-
kets involving high transport costs in terms of
money and/or t ime. Also, because of poor market
integration, a strategy of producing cash crops
may be perceived as too risky wi th too little to sell
in drought years when food prices are also high.
Nevertheless, seasonal hunger or the hungry gap
which occurs at the beginning of the rainy season
(Raynaut 1973) is still a major problem in many
such areas but is probably often accentuated
when market structures start developing and
some reliance is placed on what is inevitably at
the beginning a poorly developed and therefore
inefficient system. The occurrence of the hungry
season at such a t ime has a serious impact on
labor productivity wi th a reduced calorie intake
resulting in weight loss and reduced resistance to
disease (Chambers and Longhurst 1979). Unlike in
West Africa, where this hungry season occurs at
the busiest time of the year, this period in India
appears to be more common during slack periods
in the agricultural cycle. In India, the inequitable
land distribution and well developed labor market
enables landless laborers to find work during
active periods in the agricultural cycle.
Costs and marketing risks decline wi th improve-
ments in communications, transport, and market
integration. For example, a drought affecting
sorghum producers in the United States does not
also raise their food prices, which are largely
independent of growing conditions in sorghum
producing regions. Low transport costs and high
integration into the national and international
market imply that developed country farmers
produce almost exclusively for the market and are
often more highly specialized than their counter-
parts in developing countries. SAT countries differ
in the extent of market integration of their
economies. In India, for example, there is a high
degree of domestic market integration but a low
degree of international market integration. In
Thailand, there is a high degree of market integra-
tion both domestically (i.e., except for distant
regions) and internationally, while integration is
low in both areas in many parts of Africa. In
general, however, the degree of market orienta-
tion and integration is rising everywhere.30
30. Although rising energy costs are causing setbacks in
this trend particularly in thinly populated areas (e. g . ,
areas away from the line of rail in Zambia).
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Farm Level Self-sufficiency
The higher the degree of subsistence orientation,
the greater is the concentration on food crops. In
countries in Africa, the traditional large extended
family unit 31 was compatible with this food self-
sufficiency orientation and ensured survival in the
absence of formal external labor and credit mar-
kets. For example, large family units enabled
control over a larger supply of labor and other
resources.
With a food self-sufficiency orientation together
wi th very limited opportunities of earning cash
from other sources,32 cash available for buying
nonagricultural commodities or agricultural inputs
is extremely limited. In addition, under such
circumstances, the problem cannot be alleviated
through credit markets which are at the best
poorly developed.
Consequently, implications for developing re-
levant improved technologies under such cir-
cumstances are as follows:
1. There should be an emphasis on food crops
that are acceptable locally in terms of taste and
storability.
2. The technologies developed should have
minimal dependence on modern inputs distri-
buted through the market system, while other
inputs required for their adoption should be
within the capacity of the family unit itself
(e.g., labor).
There are also temporal implications in terms of
relevant improved technologies. This is because
of the limited, and often unreliable, growing
season for rainfed crops in the SAT regions,
resulting from low levels of rainfall which are
combined wi th erratic inter- and intra-annual distri-
bution. Balcet and Candler (1981) based on work
in northern Nigeria have concluded that farming
family strategies at the beginning of the growing
3 1 . Such a unit, sometimes called a complex family unit,
consists of more than one married man plus
dependents. This is in contrast to a simple nuclear
family unit where only one married man plus
dependents are found.
32. However, a common strategy to overcome this
problem in West Africa has been for individuals to go
on a short seasonal migration during t imes when
activities on the family farm are at a low ebb (Roch
1976; Peil 1977).
season tend to be very risk averse and aimed at
fufilling food self-sufficiency. This need dominates
during the period between the start of the rains to
the germination of the first food crops. If the rains
are good, this period of concern will usually end at
the first weeding. However, if the rains are bad,
such strategies will dominate until much later in
the season. After this critical stage is past and
food supplies are ensured, then given the right
incentives other crops might be grown (see next
section).
Because of this seasonal sequence there are
additional implications in terms of developing
relevant improved technologies for regions where
food self-sufficiency dominates actions. Three of
these are as follows (Balcet and Candler 1981):
1. Technologies that are divisible and flexible,
both as regards the timing of application and
intensity of use, are more likely to be readily
accepted because they can be adjusted se-
quentially depending on the type of season.
2. Technologies giving results at the critical ger-
mination period, when farming families are
particularly focusing on indicators that would
mark the end of the safety-first period, are
likely to be more readily adopted.
3. Improved technologies often require rearrang-
ing the whole farming system to adjust to
changing relative scarcities in labor, time and/
or other resources. Because early in the
growing cycle farming families' behavior is
more risk averse, improved technologies that
require rearrangement of resources at that
time are unlikely to be adopted.
Almost everywhere if a food self-sufficiency
orientation exists, it is in a state of transition.
Improvements in transport systems and hence
marketing systems can have rapid, profound, and
far-reaching effects. Thus it is believed that
long-term breeding efforts emphasizing a subsist-
ence orientation are a less fruitful area of research
investment than short and perhaps medium term
agronomic research.33
33 . Hard decisions have to be made concerning the
allocation of scarce research resources. Because
many local varieties often appear to have some
unrealized potential, and support systems can
change very rapidly, it is believed that long-term
breeding efforts may have a higher eventual payoff
where input support systems are readily available.
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Changes from Farm-level
Food Self-sufficiency
There is often a definite sequence of agriculturally
related activities following the development of
improved transport systems. Initially, at least in
West Africa, markets for agricultural products
have developed with considerable emphasis on
export cash crops produced, using traditional
techniques. As surplus resources, particularly
labor and sometimes land, were used up, in-
creased emphasis was placed on disseminating
improved technologies together w i th the requisite
support systems in terms of modern inputs, credit
and extension services. These have tended until
recently to emphasize export cash crops. The lack
of favorable marketing policies34 for food crops
and relevant improved technologies for substan-
tially increasing their production has no doubt
contributed to their lack of market integration
especially with respect to food crops. Thus a food
self-sufficiency orientation continues to be of
overriding importance in the poorer areas where
no export cash crops are possible, while a 
confused mixture of food self-sufficiency and
income maximization appear to prevail in many
areas where export cash crops can be produced.
However, a shift away from food self-sufficiency
towards an income maximization orientation has a 
profound effect on the lives of farming families
and also has important implications in terms of
what constitute relevant improved technologies.
As we suggested earlier, complex family units
are compatible wi th a food self-sufficiency orien-
tation. However, the development of market
systems and access to new information via the
extension services reduces the premium formerly
attached to self-sufficiency. As a result of losing
some of their relevance, complex family units
eventually often disintegrate into smaller nuclear
family units, a trend which is currently occurring
34. For example, in West Africa, many governments, in
a largely unsuccessful attempt to keep food prices
low for the politically volatile urban consumer, have
entered the food crop marketing system, and paid
low producer prices for food crops (IBRD 1981).
However, this has not prevented high retail prices
for food crops being charged in rural areas towards
the t ime of the harvest period.
throughout West Africa.35 Two examples illustrat-
ing the ways in which development of market
systems can bring about such changes are as
fol lows:
1. Increased agitation for more financial inde-
pendence on the part of individuals within
complex family units results in greater propor-
tions of fields under the control of the family
head (i.e.. common fields) being allocated for
individual use, thereby subverting the possibil-
ity of attaining food self-sufficiency and de-
creasing the benefits of such units staying
together.
2. For a number of reasons, institutional credit
programs are often directed only at family
heads (e.g., Senegal).36 This can therefore
mean differentiation in terms of types of
technology applied on the common fields
under the control of the family head and those
under the control of other family members
(Venema 1978). This undoubtedly would en-
courage the mutiplication of family heads
through breakdown into smaller nuclear family
units.
Therefore, development of market structures in
aiding the development of product and factor
(e.g., labor, credit, and sometimes land) markets
opens up opportunities for people to benefit
individually. Regardless of whether this is good or
bad, it is emphasized that since it is likely to
continue, it has important implications in terms of
relevant improved technologies.
The shift towards an income maximization
orientation permits a degree of commercialization
in the farm enterprise through the marketing of
products the proceeds of which, together wi th
funds obtained through institutional credit prog-
rams, can be used to purchase modern inputs,
extra labor, equipment, etc., required for the
adoption of the improved technologies. Thus the
potential for developing improved technologies
which bring about substantial increases in produc-
tivity are much greater than under the more
restrictive conditions surrounding a food self-
sufficiency orientation.
35 . For a brief review of the reasons given in the
literature see Norman et al. (1981). We would
suggest that many of the reasons can be related to
the rationale presented in this paper.
36 , For example, f rom the perspective of the loaning
agency, overhead costs are reduced through dealing
wi th one member of the family.
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Hybrid Sorghum
Recent success wi th the introduction of hybrid
sorghums in India has led to increased discus-
sions about a major emphasis on hybrid sorghum
breeding programs in West Africa. Obviously, an
economist is not qualified to judge the technical
feasibility of such a strategy leading to successful
results. However, in view of the subject matter of
the paper, the potential value of such a strategy
from a socioeconomic perspective is discussed
briefly.
There appear to be two important characteris-
tics that have helped to ensure the success of
hybrid sorghums in India. These are as follows:
1. As a result of exploiting heterosis, quantum
jumps were achieved in yields of hybrid sor-
ghum compared with much more modest
increments in yields earlier achieved by re-
source management wi th local and local im-
proved varieties (Rao 1981).
2. Although, as would be expected, higher yields
were associated with higher variances (Mehra
1981), the increase in variances was not very
great and was well within the measured risk
aversion of farmers (Barah et al. 1975) and,
compared w i th other varieties, generally
proved to be stochastically dominant at all
levels of fertilizer application.
37 . Of course it is possible cash could come from other
types of enterprises, such as livestock and off-farm
employment. In such cases marketing of crops to
provide cash would not be so important.
Judging by the widespread adoption of hybrid
sorghums in India, it is apparent that their super-
iority has been maintained when translated into
net return terms. It is obvious that hybrid sor-
ghums should receive serious consideration in
West Africa, only if it is feasible to solve the
technical problems and as a result to produce
hybrids with similar advantages as in the Indian
setting.38 However, assuming these can be pro-
duced, what would be the socioeconomic condi-
tions required for their adoption? Three crucial
ones would be as follows:
1. Because of their yield increasing characteristic
they would be most relevant in areas faced
with a scarcity of land, that is where land/labor
ratios are low.
2. Annual purchasing of seed plus other modern
inputs will mean that hybrid sorghum technolo-
gical packages would be limited to farming
families who have a source of cash, either
from selling crops or from livestock or an
off-farm enterprise.
3. A strong input support system for the multipli-
cation and distribution of hybrid seeds, distri-
bution of fertilizer, etc., would be required.
Currently in West Africa, there are still relatively
few areas where population densities are high and
therefore yield-increasing technologies would
naturally fit. Also input distribution systems are
generally poorly developed particularly with refer-
ence to food crops, although World Bank sup-
ported Integrated Agricultural Development Pro-
jects have often helped improve the situation in
recent years. Finally, apart from the success wi th
hybrid maize in Kenya (Gerhart 1975), there has
been little experience in countries in Africa wi th
hybrid seed multiplication and distribution sys-
tems.
However, this does not necessarily mean that a 
hybrid sorghum program might not be relevant in
the West African setting for the next decade.
Population densities are increasing at alarming
rates in some parts of West Africa and carrying
capacities of land are in the danger of being
exceeded. Also input support programs could be
implemented fairly quickly if promising technolo-
gical packages emerged. Therefore, from a 
socioeconomic perspective at least, there would
38 We recognize that there is currently considerable
debate as to whether the technical problems can in
fact be solved.
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For reasons explained earlier, some farming
families may have a mixture of food self-
sufficiency and income maximization objectives.
For example, returning to the northern Nigerian
study undertaken by Balcet and Candler (1981),
they suggest that once farming families feel the
critical stage for fulfilling food needs is past in any
particular year, they will slowly change their
objective to one of income maximization at some
specific level of risk. Farming families may during
this period be more willing, in contrast to earlier in
the season, to accept improved technologies that
require considerable reallocation in resources. In
addition a degree of income maximization can
make cash available37 to purchase modern inputs
for those crops which provide food self-
sufficiency.
C o n c l u s i o n
This paper has attempted to provide some under-
standing of socioeconomic sources of heter-
ogeneity in farming systems. Socioeconomic
sources have systematic effects just like differ-
ences in the climatological-physical conditions.
Therefore, it is as wrong to ignore such sources of
heterogeneity as it would be to ignore the
climatological-physical conditions.39 Consequent-
ly, because of the heterogeneity these create,
severe limitations are placed on the potential
transferability of systems, practices and even
components of improved technological packages.
Nevertheless, in addit ion to cl imatological-
physcial sources of variation, socioeconomic
sources of variation must be taken into account if
limited research resources and 'more generally
resources for agricultural development are to be
utilized more effectively.
In terms of Africa, a recent World Bank report
(IBRD 1981) has recommended that limited de-
velopmental funds should be concentrated on the
more favorable areas where both export cash
crops and food crops are grown. The report
recommends that attention to the poorer areas
where only sorghum and millet can be grown
should be delayed pending the availability of
relevant improved technologies for those crops.
The challenge is great and can be addressed only
by a relevant combination of a long-term breeding
program, with the eventual potential of a revolu-
tionary impact with agronomic work within a 
shorter t ime frame which will result in evolution-
ary improvements in currently practiced farming
systems.
39. An appreciation of this has come a long way in the
last decade or so. For example, it is interesting to
note that in the predecessor to this symposium (Rao
and House 1972), there was no section devoted to
socioeconomic considerations, although the con-
cluding remarks by House indicated that socioeco-
nomic issues were raised in earlier discussions.
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Grain Marketing in the
West African Semi-Arid Tropics
J. R. Sherman and I. Ouedraogo*
The Sahelian drought of 1968-73 aggravated and
drew world attention to the already precarious
nature of this region's food situation. Nutritional
and caloric deficiencies plague the people of this
area (90% of whom are rural). Production of
sorghum and millet, the dietary staples, is region-
ally uneven and generally of a subsistence nature.
Transportation is difficult and costly and storage,
at all but the village level, generally inefficient.
Experts agree, however, that food self-sufficiency
is an attainable goal. All aspects of the food
system, production, marketing, distribution, and
storage are implicated in achieving it.
Considerable research has been done and
continues on means to increase production of the
principal food crops. It focuses on such technical
aspects as changing the cultivation techniques
and using improved varieties of seed for increas-
ing yield. Founded in the belief that prices, acting
as market signals, also affect the quantity pro-
duced, policy makers have been interested in the
marketing behavior of peasants and the function-
ing of grain markets. In response to these
concerns, research has been done on different
aspects of the grain marketing systems of the
West African Semi-Arid Tropics (WASAT), the
Sahelian countries.
The purpose of this paper is to put into
perspective what is known about these marketing
systems and to make recommendations for the
direction of future research in this area. The major
conclusions are that marketing research must
* Center for Research on Economic Development,
University of Michigan, Ann Arbor, Michigan 48109,
USA; and Department of Agricultural Economics,
Michigan State University, East Lansing, Michigan
48824, USA, respectively.
take into account the regional diversities of the
national marketing networks and consider market-
ing as one part of the food system. From this
perspective it can identify important constraints to
improving the efficiency of this system and
respond better to the needs of policy makers.
We begin with a descripition of marketing
arrangements, including a summary of the major
marketing channels. This is followed by a review
of the findings of marketing studies done in the
WASAT. We draw two major conclusions which
are supported by these studies and reflect the
authors' personal experience in this area. These
conclusions suggest the major issues for market-
ing research in the 1980s and a methodological
approach. The paper ends with a reiteration of all
the conclusions.
We are wary of making generalizations about the
marketing systems of the WASAT. Each nation has
its indigenous market s t ructure, w i t h its
regional and ethnic diversity and each government
its own brand of state intervention. This coupled
with differences in infrastructure (roads, ware-
houses, and personnel), crop mix, prices, and
other important variables, makes each country a 
special case.
Certain characteristics, however, seem com-
mon to all of the countries and are important for
developing a general understanding of marketing
in this zone. Each of the countries has private and
state marketing systems which coexist. Although
the state has a legal monopoly on grain marketing,
except in Mauritania, it handles only about 20% of
marketed grains. Private trading thrives. Food
crop production is concentrated in cetrain areas of
each country. Consumption needs are concen-
trated in large urban areas and rural areas that
have production deficits. Redistribution is costly
and difficult. The dimensions of the problem in a 
International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of
Symposium on Sorghum, 2-7 Nov 81, Patancheru, A.P.. India. Patancheru, A.P. India: ICRISAT.
the International
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Market ing Arrangements
1
Despite the importance that food crops play in the
economies of the WASAT, prior to the drought of
1968-73, they were almost completely neglected
in government planning. This did not mean that
there were no effects on the food crops. Rather,
they suffered from a policy of neglect. In particu-
lar, export promotion policies which encouraged
cash crops resulted in a deterioration of the food
crop sector.
The 1970s witnessed some important changes.
There was a general shift in goverment policy
objectives from producing cash crops to food
crops, as emphasis was placed on food self-
sufficiency. In the realm of production, extensive
research began to develop improved seed
varieties and better technical packages for sor-
ghum, millet, and maize. Concurrently, these
governments became aware of the potential role
of marketing in general agricultural development,
specifically for cereal grains. The first result of this
awareness (whether for better or worse) was
attempts at extensive public intervention in grain
marketing. Each country set up its own grain
marketing board: Ma l i -OPAM, Mauri tania-OMC,
Niger-OPVN, Senegal-ONCAD, and Upper Volta
-OFNACER.2
These state agencies were established for
essentially the same reasons. The production and
commercialization of the staple food crops are
politically as well as economically strategic sec-
tors of the economy for state intervention and
control. The economic justification for such inter-
vention rests in the long held belief that traditional
traders are monopsonists, and that this coupled
wi th their dual role as local moneylenders, put
them in a strong position to exploit the peasant
both as a producer and as a consumer. His need
1. For an in-depth presentation of marketing arrange-
ments and pricing policy in the CILSS countries, the
reader is referred to CILSS (1977).
2. Nigeria has had a marketing agency for food crops
since before independence. It is virtually ineffective
in the area of grain marketing. It is not discussed in
this paper.
for cash soon after harvest forces him to sell to
monopoly traders who offer low prices for grain.
Similarly, his indebtedness to this same trader
strengthens the trader's hold over him.
In sum, it was (and still is) believed that private
sector grain trading was heavily monopsonized
and monopolized, and that economic and social
forces serve to strengthen this structure and
increase the inequitable division of the benefits of
trade. Thus, the grain boards have as their stated
objectives: (a) to offer "fairer" prices to produc-
ers while offering a reasonably priced supply of
grain to urban consumers; (b) to stabilize intra-
annual producer prices; (c) to establish and reg-
ulate security stocks; and (d) to organize grain
exports. The next section is a brief description of
both state and private marketing channels.
Major Marketing Channels
Each of these countries now has a dual market
system: state-run marketing and private trading
The particular mix between the two depends on a 
number of factors, but in each the two systems
interact. Most frequently the literature groups the
market participants into such categories as:
assembler, transporter, wholesaler, and retailer.
Individual agents, however, often fulfill more than
one function and each category has a different
meaning when put into different marketing chan-
nels. The relations between the agents and the
number and specific tasks depend on the region
and the channel.
More useful than categorizing agents, for
understanding the way in which grain is marketed,
are descriptions of the different types of channels
through which the grain flows.3 The marketing
channels can be divided into two basic categories:
grain that bypasses the market place and grain
that passes through it. Within the second group
are two subgroups: privately and state traded
grain. Since all the grain that is marketed by the
state passes through the market, this section is
divided in two : state marketing arrangements and
private sector trade. The latter includes grain that
bypasses the market place.
3. For an in-depth discussion of the functions of
different agents and for a description of the various
marketing channels see Wilcock and Ouedraogo (in
press).
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regional sense are well known. It is t ime to move
on from these generalities to the specifics of each
case.
State Marketing Arrangements
Each country of the WASAT has its state control-
led grain marketing agency. The particular formu-
lae differ, but the concepts are the same. The
state buys grain either directly from villagers or
from traders who have been given the govern-
ment stamp of approval (agreement). Grain is
bought at a fixed price throughout the country,
redistributed, and sold by the marketing agency at
another fixed price.4
A brief description is given below of the specific
public sector marketing arrangements in five
countries of the WASAT.
Mal i
Until December 1980, grain commercialization in
Mali fell under the jurisdiction of OPAM (Office
des Produits Agricoles Maliens) which in 1965
was given a monopoly for the purchase and sale
of staple cereal grains.5 OPAM relied on the
agricultural extension units (operations) and the
village cooperatives for its collection operations. It
was responsible for financing the buying cam-
paign, for transporting the grain from regional
collection points and distributing seed to producer
cooperatives. OPAM itself (its agents) had no
direct contact with either the producer or the
producer cooperatives. All transactions were done
through an intermediary. Grain prices were set by
the national administration, and regional and
village quotas were set by local government and
agricultural agents in consort wi th the village
chiefs.6
Maur i tania
The Office Mauritanien des Cereales (OMC) was
created in 1975 as a result of an artificial market
scarcity of millet and sorghum after the drought.
Its mandate was to contribute to implementing a 
rational policy for supplying grain to the domestic
market. The intention was not to monopolize grain
trade, but to stimulate competition and to in-
crease the f low of grain between deficit and
4. Mauritania is a notable exception to the uniform
pricing rule.
5. For a brief critical study of OPAM see Berg (1980).
6. OPAM was forced to give up its grain marketing
operations due to pressure exerted by the IMF and
several aid donors.
surplus zones. At first the government tried to set
prices, but the initial endeavor resulted in prices
that were too low, thus forcing OMC to compete
at market determined prices. SONIMEX (Societe
National d'lmport et Export), the national import
monopoly, meets the excess demand for rice by
importing it. Millet and sorghum imports, howev-
er, are in the private domain.
Niger
In Niger, OPVN (Office de Produits Vivriers du
Niger) has the legal monopoly on the marketing of
cereals. It does not buy directly from the produc-
er, but acts as a wholesaler. Official prices are set
uniformly by the Minister of Economic Affairs
throughout the country for purchases and sales.
The primary collection is done by village cooper-
atives and approved traders. The traders must buy
at legal minimum prices and sell to OPVN at this
price plus a fixed commission, although the
means for enforcing the minimum are limited.
Village cooperatives buy from their members.
Both the cooperatives and traders are financed
through the subprefects who receive money from
the UNCC (Union National de Credit Agricole)
which receives its funds from the Agricultural
Credit Bank (CNCA). It is the subprefects' job to
approve traders, assign them different markets,
and to dispense funds. Traders deliver grain to the
OPVN warehouses and trucks pick up the grain
from the local cooperatives.
The grain is sold directly from the OPVN
warehouses. Because the demand for cheap grain
often exceeds supply, a rationing system exists.
Purchasing by government employees is facili-
tated by bulk ordering.
Senegal
From 1975 to 1980, ONCAD (Office National de
Cooperation et d'Assistance pour le Developpe-
ment) had the legal monopoly for the primary
collection of millet and sorghum in Senegal. Until
1975, trade in millet and sorghum was officially in
the hands of private traders, ONCAD, which had a 
monopoly for groundnut purchases and sales,
bought some millet and sorghum to sell to
producer cooperatives in grain-deficit areas. When
it existed, it depended on local cooperatives to
purchase from producers. It collected grain week-
ly and stored it in regional warehouses. Some
grain was allocated to a security stock and the rest
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to commercial sale. ONCAO sold to producer and
consumer cooperatives, stores, and approved
private traders. As with the other public sector
marketing agencies, it was the legal importer of
grain. Official prices were fixed for both purchases
and sales.
As of October 1980. ONCAD was disbanded
because of operational inefficiency and financial
irregularities. Its function as the provider of
agricultural inputs was taken over by a newly
created agency. SONAR (Societe National
d'Approvissionment Rural). Thus far its function
as a marketing agent for millet and sorghum (as
well as for other products) has not been replaced.
Commercialization of these crops is now officially
in the hands of the private sector.
Upper Volta
In 1971, OFNACER (Office National des Cereales)
was created and given a legal monopoly for the
sale of grain to consumers. In 1974, the agricultu-
ral extension units (ORD—Office Regional de
Developpement) were given a monopoly for
purchasing for OFNACER. They subsequently
withdrew from this job because of insufficient
personnel and equipment. OFNACER now buys
either wi th its own agents, or through traders who
it specially licenses (agree). The buying campaign
opens after harvest, once the purchase and sale
prices have been fixed by the government. It buys
in selected areas, transports and redistributes the
grain. It has warehouses in all major centers f rom
which it is supposed to sell. In typical years,
OFNACER purchases about 2 0 % of the marketed
grain. Before 1971, grain trading was legally
entirely in the hands of private traders; since then,
although OFNACER has a legal monopoly, there
are no efforts made to enforce it. It buys where it
can in areas where the free market price is lower
than the official one.
The following general characteristics of govern-
ment grain trading are common to these five
countries. The government plays the role of a 
wholesaler. Only in Upper Volta does it buy
directly from the producer. In general, there is at
least one intermediary between the producer and
the marketing agency—a cooperative, trader, or
extension unit. Grain that it purchases from the
middleman is transported to regional or central
warehouses and redistributed according to priori-
ties of the government or perceived need. Much
of this grain is destined for government em-
ployees (especially urban).
Government price policy, except in Mauritania,
involves setting fixed, uniform producer and
consumer prices. Exactly how the prices are
determined is not clear. Each of the marketing
agencies has incurred large deficits since its
inception. No attempt is made here to assess the
successes and failures of these various schemes.
Private Sector T rade
In all of these countries the majority of commer-
cialized grain, i. e., 7 0 - 8 0 % , f lows through the
private sector. A certain portion of this grain is
traded through transactions that take place out-
side the markets, through "house-trading" (direct
contact between producers and consumers) or by
way of intermediaries who conduct business
independent of the market and are often linked,
one to the other, by special arrangements (finan-
cial and other). The initial transaction often takes
place in the village; from there, the grain may
continue to bypass the market or enter it. Most
privately traded grain, however, does pass
through the market. Five major marketing chains
can be identified:
1. Direct from producer to consumer:
This involves the producer marketing his own
product, generally in small quantities, and the
consumer purchasing directly from him at the
market.
2. Producer to local trader to consumer:
The producer sells his grain in the market to a 
local trader, who purchases from many produc-
ers. He may store it for a t ime, and then sell it
to consumers, or turn it over the same day.
3. Producer to local trader to assembler to con-
sumer:
This chain is the same as above, but involves
an assembler who purchases in bulk from
many local traders and retails the collected
grain elsewhere.
4. Producer to local trader or assembler to nation-
al trader to the consumer:
In this chain, instead of retailing the grain, the
assembler sells it to a national trader (one who
assembles grain from many regions) who in
turn retails it.
5. Producer to local trader or assembler to nation-
al trader to different regional traders to local
trader, to the consumer: This chain, the
longest, essentially moves the grain into a 
large urban area, and back out to the rural area.
650
In ail of the above chains any one person
(trader) may be assuming more than one function,
and may be participating in more than one chain at
a t ime. Benefits from marketing generally accrue
at each step along the chain. The particular market
structure for each transaction determines the
division of the benefits between the participants.
The degree of concentration varies from market to
market and between regions.
Traders purchase mostly on their own account,
sometimes for the state. They are rarely special-
ized in one sort of trade, but rather function as
conglomerates. In rural areas they are farmers as
well as commercial agents. In towns they also
operate stores and mills. The largest traders have
their own transportation and distribution net-
works. All traders are potential, if not actual,
moneylenders.
When the state intervenes it assumes part or all
the chain between the producer and consumer.
Its effectiveness depends on how much it takes
over. The strongest benefits of the scheme
accrue to the people who deal directly with the
state agency and not necessarily to the partici-
pants at the ends of the chain.
The two systems, private and public, interact in
several ways. In none of the countries does the
state control all grain trading, and in most cases it
does not even control one entire channel. Thus.
traders, producers, and consumers must decide
how to react vis a vis the state agency. In areas
where the marketing board operates, free market
prices reflect this increased competition. Traders
must behave so as to either minimize its effect on
their trade, or maximize the advantage they can
take from it.
bibliographies exist: Arditi (1975, 1978), Harriss
(1978) and CILSS (1977). The sheer volume of
works on this subject attests to the interest and
effort devoted to it. The most extensive research
in the region has been done in Nigeria, beginning
with Gilbert (1969), Jones (1972), and Hill (1971,
1972). These have been followed by numerous
studies on the trade of specific producers as well
as production studies that include a marketing
component. Research in other countries de-
veloped along similar lines, though it has been
less extensive.
The CILSS (1977) study of marketing, price
policy, and storage of cereal grains in the seven
countries of the CILSS is an overview of the
specific marketing arrangements and policies of
the region. The point of the study was to diagnose
the problems in the area of marketing, including
an evaluation of the existing state interventions
and to suggest solutions. One of its major
conclusions and recommendations is that there is
a lack of, and thus need for, data about the
marketing behavior of individual farmers. Since
1977 researchers have responded to the plea by
Berg (1980) by concentrating on village-level
behavior, as opposed to just looking at national or
regional aggregates. The farming systems metho-
dology emphasizes the importance of the rural
economy as a system, each of whose parts plays
an important role in the operation of the whole.
Thus, while not always the primary focus of a 
village-level study, marketing is now being looked
at as part of this larger system.
The marketing literature falls into two catego-
ries: that which concludes by supporting the
aforementioned hypotheses, and that which re-
futes them. The battle lines have been drawn
along ideological lines, with CILSS (1977) and Berg
(1980), and Harris (1978, 1979), respectively,
representing these polar interpretations. One
group of studies using an adaptation of the
"structure, conduct, performance" (SCP)7 analysis
applied to price data concludes that trade is
basically competitive. The other, using a more
anthropological approach, interviewing farmers
and traders about their relationships, concludes
that trade is not competitive, and that the market-
ing system aggravates the already marginal status
of the poorer groups in society.
7. For criticism of both the method of analysis and its
application to West African data, see Harriss (1979).
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Market ing Studies
The marketing studies of the late 1960s and
1970s focus on testing the hypotheses under
which the state marketing boards were justified,
evaluating their performance, and describing the
way in which the two market systems function
and interact. Those undertaken by economists
concentrate on assessing the competitiveness of
the marketing system and the effects of the
system on production, using the structure, con-
duct, performance paradigm. Anthropologists
focus on the debt cycle and the social relation-
ships that are a part of trade.
Several reviews of the literature and annotated
interpretations can be given to the critique. On
one extreme, some may conclude that the goals
are unattainable even on a theoretical level—that
the existing market structure is such that state
intervention is not necessary and. even stronger,
that it aggravates the perceived inequities. It can
also be taken to mean that the goals are incorrect
—that other goals are more important and that
they should be redefined. There are still others
who believe that the goals are genuine and
attainable, but that the policies undertaken to
achieve them have been ill-designed.
The specific conclusion drawn depends largely
on the ideological perspective of the writer. Three
distinct points of view exist: The free marketer
believes that the market, unfettered by govern-
ment intervention, distributes goods most effi-
ciently. The practical free marketer prefers the
free market solution, but admits that the govern-
ment, for political and other reasons, will not
easily dismantle the elaborate grain marketing
structures it has erected. The third point of view is
that an economically efficient solution is not most
important, but that the equity goal of the govern-
ment to offer stable, fair prices to producers and
stable, affordable prices to consumers is correct.
Generally, the writers pick and choose among the
evidence to support their belief.
Two important points emerge from these
discussions." The free market perspective, alone
or coupled with institutional realities, suggests
that state intervention, for the purpose of stabiliz-
ing prices and redistributing grain, is (a) not
necessary and (b) not practical, because of insuffi-
cient infrastructure and trained personnel. It is not
an efficient solution to the problem. Here the first
two perspectives diverge. The second joins the
third and admits that the West African govern-
ments have a strong political commitment to state
intervention. In the long run, these economies
may be better off wi th no marketing agencies, but
in the short run it may be difficult to eliminate
them. They conclude that the important questions
are: what has gone wrong up to now, why, and
11 . All three perspectives are agreed that there is a role
for the state in constituting and controlling security
stocks. It is a public good—an acceptable and
desirable domain for government intervention and
one that wou ld not be fulfilled otherwise. The free
marketer believes the government should concen-
trate all its efforts here.
what, if anything, can be done (by changing their
goals and/or their methods of operation) to make
them effective and efficient.
The feasibility of trying to attain food self-
sufficiency by offering low consumer prices and
adequate producer prices must be examined. Are
they conflicting goals? If so, which is more
important and how can it best be attained? What
are the trade-offs? The role of the public sector in
grain marketing must be reassessed, and alterna-
tive marketing arrangements (public marketing
boards, private trade, and farmers' cooperatives)
in solo, or in combination, considered.
The wealth accumulation of private traders
seems distasteful to all but the traders them-
selves; however, it is also recognized that their
profit motive makes them extremely efficient, and
they are likely to continue accumulating wealth if
given the chance. Is there some way that the
private sector and entrepreneurial initiative can be
fitted into the development scheme, instead of
trying to squelch it? Can the private grain traders,
for example, be encouraged to participate in the
distribution of inputs?
The last issue deals with changing consumer
preferences. Should shifts in taste to more
western, nonindigenously abundant goods (rice
and wheat products—bread and macaroni), be
encouraged or discouraged, and how? This ques-
tion is as equally important from a production as
from a marketing perspective. Price policies,
research priorities, and the emphasis on develop-
ing improved technologies for one grain versus
another, affect the relative quantities of different
grains produced. Irrigated rice, for example, may
be less risky, but it is also more costly in terms of
capital resources. The consumption effects of
production policies cannot be overlooked. Are
items such as irrigated rice just a substitute for a 
cash crop?
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Research Priorities
Future research on marketing in the WASAT must
be designed to provide the broad range of
information about both peasant and trader be-
havior patterns, market structure and regional
f lows of grain that is necessary to make effective
policy. Unfortunately, research that is not either
policy oriented, or motivated by policy concerns is
unlikely to meet the policy maker's needs. This
results in policy with insufficient data or necessi-
tates at least a partial duplication of the research
effort in order for the policy maker to have the
right information.12
As in any research, paring down the problem to
manageable proportions is essential. Research of
the 1970s concentrated on specific marketing
regions, resulting in considerable information
about specific regions, to the exclusion of an
understanding of the countrywide marketing sys-
tem—the links and how they fit together.
Regional diversity is an important dimension of
the problem of food distribution. Regional differ-
ences in trader organization and behavior, market
channels, and peasant output and commercializa-
tion patterns are significant. In the initial phase of
research for the 1980s, basic information must be
gathered from all regions of the country so that
the areas selected for the intensive part of the
research can be chosen to represent the range of
marketing/production situations that exist. Speci-
fically, information is needed on the entire hierar-
chy from the producer through the urban traders
and back out to the consumer, both urban and
rural.
For the most intensive part of this type of
research, data must be gathered at several
different levels: the market, individual traders, and
peasants. Market data should include frequent
and regular information about prices and quanti-
ties. Information about market structure is particu-
larly important: trader organizations, price setting
techniques, market control and differentiation
practices. For individual traders, in addition to the
prices and quantities of sales and purchases, data
on operating procedures, methods of reducing
costs, evaluating and reacting to risks and making
decisions are essential for understanding why the
market takes on its overall characteristics. At the
most microeconomic level, data on the individual
producer/consumer's behavior wi th respect to
sales, purchases, and consumption complete the
12. This is not to be misconstrued as meaning that
research for its own sake is useless. It is an
efficiency issue. In a region where funds and
personnel are limited, the best use of such re-
sources is to do research that addresses most
directly and completely the concerted priorities of
the population. Also, a considerable amount of
narrower-in-scope research on aspects of the grain
marketing system in the region has already been
conducted.
picture. This can be gathered through a combina-
tion of formal questionnaires and informal discus-
sions.
We also suggest that in the process of doing
basic production research, certain marketing infor-
mation should be collected as part of the inter-
viewer's and researcher's regular inquiries. Be-
cause so much production research is conducted
on a yearly basis, the production researcher has
the possibility of collecting an enormous amount
of data easily, for example, output quantities,
relative amounts of purchases and sales through-
out the agricultural cycle, trading alternatives, road
conditions and transportation availability, input
sources, credit availability, grain storage facilities
and conditions, and market access. These few
pieces of information would not be a burden for
the production researcher and would be extreme-
ly useful for the marketing researcher, especially
in the early stages of his research.
Conclusions
The purpose of this paper has been to put the
findings of research on grain marketing in the
WASAT into a perspective that allows recommen-
dations for the direction of future research. Five
major conclusions have been drawn.
1. The diversity of marketing channels, infras-
tructure, geographic and climatic character-
istics of each country militates against a 
countrywide approach. In the past, studies
of one or two regions inside a country have
erroneously drawn national conclusions,
which have led to policies that are ill-adapted
to the perceived problems. Future studies
should take a systems approach, identifying
the major forces in the marketing system
and investigating each, both on their own
and for their part in the entire food system.
Several levels of investigation are implied:
geographical differences in produced and
marketed quantities and intertemporal pat-
terns of purchases and sales; roads and
transportation networks; storage facilities;
economic groups and trader organizations;
and government participation in production
and marketing activities. The geographical
areas have systems of their own that are
linked to the systems in neighboring regions
and to the national systems. Once the
overall picture is understood, more intensive
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research can concentrate on the most im-
portant aspects and specific key regions.
2. Collaboration between production and mar-
keting researchers is essential. Each can
contr ibute valuable information to the
other's work. The marketing researcher can
provide information about input markets and
food marketing problems that may be con-
straints to adoption of new techniques or
seed varieties. The production researcher
can offer the marketing researcher needed
information about general characteristics of
an area and about specific habits of farmers
already studied. While this collaboration
already exists on a very informal basis in the
field, a more formal effort is needed.
3. Government policies have too often aggra-
vated the very problems they sought to
alleviate. In part this can be attributed to
ill-designed policy, founded in a lack of
understanding of the dynamics of the mar-
keting system and the variety of arrange-
ments that exist. It may also be the result of
conflicting policy goals. For each country the
goals must be reexamined and a realistic
(both economically and politically) program
designed.
4. The economic literature has been criticized
for its relatively narrow perspective, specific-
ally for concentrating on proving or dispro-
ving competitiveness, and its reliance on
price data. The nature of marketing activities
requires an understanding of both the eco-
nomic (industrial organization) and anthropo-
logic relationships that are part of the mar-
keting system, thus demanding the use of
techniques from both disciplines. Omission
of one or the other leads to an incomplete
explanation of the dynamics of the market
and the links between participants.
5. Lastly, while some useful generalizations
can be made about the grain marketing
systems of the countries of the WASAT, we
suggest that enough effort has been de-
voted to these generalities during the last 5 
years. On a regional level, the problems are
well defined and the solution formulae well
discussed. While offering a framework, gen-
eral solutions do not deal wi th the specific,
political, climatic, socioeconomic and infras-
tructure characteristics of each country. It is
in these specifics that the key to wel l
adapted policies lies.
References
ARDITI, C. 1975. and revised 1978. Les circuits de
commercialisation des produits du secteur primaire en
afrique de I'auest; Analyse Bibliographique. Ministere
de la Cooperation, Direction des programmes, Sous-
Direction des Etudes Economiques et de la Planifica-
tion, Paris.
BERG, E. 1980. Regerming grain marketing systems in
West Africa: A case study of Mali. Pages 147-172 in
Proceedings, International Workshop on Socioecono-
mic Constraints to Development of Semi-Arid Tropical
Agriculture, ICRISAT, 19 -23 Feb 1979, Hyderabad.
India. Patancheru, A.P., India: ICRISAT.
CILSS (Comite Permanent Inter-Etats de Lutte Contre la
Secheresse Dans le Sahel, Club du Sahel). 1977.
Marketing, price policy and storage of food grains in the
Sahel: A survey, Vol. 1. Synthesis wi th statistical
compilation and annotated bibliography, Vol. 2. Country
studies. Ann Arbor, Mich., USA: Center for Research
on Economic Development, University of Michigan
GILBERT, E. H. 1969. Marketing of staple food in Northern
Nigeria: A study of staple food marketing systems
serving Kano City. Ph.D. Thesis, Stanford University,
Stanford, Calif., USA. Dissertation Abstract—A, 30:
3163.
HARRISS, B. 1978. Cereals surpluses in the Sudano-
Sahelian States. 2 vols. ICRISAT Economics Program
Report. 330 pp.
HARRISS, B. 1979a. Going against the grain. Pages
265-289 in Proceedings, International Workshop on
Socioeconomic Constraints to Development of Semi-
Arid Tropical Agriculture. ICRISAT, 19 -23 Feb, Hyder-
abad, India. Patancheru. A.P., India: ICRISAT.
HARRIS, B. 1979b. There is method in my madness: or is
it vice versa? Measuring agricultural market perform-
ance. Food Research Institute Studies 1 7 : 1 9 7 - 2 1 8 .
HAYS, JR., H. M. 1976. Agricultural marketing in Northern
Nigeria. Savannah (2): 139-148.
HILL, P. 1971. Two types of West African house trade. In
Development of indigenous trade and markets in West
Africa, ed. C. Meillassoux: Oxford University Press.
HILL, P. 1972. Rural Hausa: A village and setting.
Cambridge, UK: Cambridge University Press. 368 pp.
JONES, W. O. 1972. Marketing staple food crops in
tropical Africa. Ithaca, New York, USA: Cornell Univer-
sity Press.
656
MITTENDORF, H. J. 1981. Priorities for research and
training in agricultural and food marketing for develop-
ing countries. ADC/RTN Workshop in Food Systems
Organization Problems in Developing Countries. Michi-
gan State University (mimeo).
NICOLAS, G. 1962. Etude de Marches en Pays Hausa
(Republique du Niger). Documents Ethnographiques.
Niamey, Niger: Centre de Documentation, Ministere
du Plan.
RILEY, H. M., and WEBER, M. T. 1979. Marketing in
developing countries. Michigan State University Rural
Development Series Working Paper No. 6.
Ross, C. G. 1980. Grain demand and consumer prefer-
ence in Senegal. Food Policy 4.
SHAFFER, J. S. 1980. Food system and performance:
toward a conceptual framework. American Journal of
Agricultural Economics 62.
SHERMAN, J. 1981. Crop disposal and grain marketing in
the Manga Region of Upper Volta: A case study. CRED,
Preliminary Working Paper, CRED, University of Michi-
gan, Ann Arbor, Mich., USA.
WILCOCK, D. C., and OUEDRAOGO, I. (in press). Peasants,
traders, and grain marketing in Eastern Upper Volta.
Department of Agricultural Economics, Michigan State
University, East Lansing, Mich., USA.
The reader is referred to the bibliographies in Hariss
(1979) and CILSS (1977) for an extensive list of
references on grain marketing in the WASAT.
657
Sorghum Marketing in India
M. von Oppen and P. P. Rao*
India produces around 11.8 million metric tons
(1977/78 average) of sorghum per annum, which
is about 17% of the total world production of
sorghum. India's total area of 16.2 million hec-
tares under sorghum (1977/78 average) is about
31 % of the total world area under sorghum. Thus
India can be considered a major sorghum produc-
er in the world; however, its sorghum yields are
about half the world average. Within the SAT
region, India grows 34% of the total sorghum
production. Sorghum forms the staple food of a 
large number of people in the semi-arid regions of
India, and it provides 6% of the total caloric intake
per person per day (FAO 1977).
Sorghum straw provides a major share of cattle
feed in India. Thus both sorghum grains and
fodder contribute to the Indian farmers' income,
and efforts to improve the production of sorghum
in India must take into consideration this dual
purpose and utilization of food and fodder of
traditional sorghum in Indian agriculture.
Area and Production
Sorghum contributes about 16% of the area under
total cereals in India (Table 1), but it contributes
only 8% of the total cereal production. Thus
sorghum yields are only about half of total cereal
yields in India.
Maharash t ra , Andhra Pradesh, Madhya
Pradesh, and Karnataka are the major producers
of sorghum in India. These four states together
contribute about 85% of the area under sorghum
(Table 2). While Maharashtra has more or less
continuously expanded its area and production of
sorghum during the past 20 years, the states of
* Principal Economist and Research Technician,
tively, Economics Program, ICRISAT.
respec-
Andhra Pradesh and Madhya Pradesh, which until
early 1970 followed the same trend, have since
reduced both their absolute area and production
of sorghum. In Karnataka. dramatic decreases in
area under sorghum were observed over the past
10 years, but these were nearly made up by
spectacular yield increases so that production in
this state declined only marginally.
Among the less important sorghum-producing
states the long-run decline in area and production
of sorghum appears to continue, except for Tamil
Nadu and Gujarat for which the figures for
1975-78 indicate a sudden increase in produc-
tion.
Generally, the picture is that of a long-run trend
towards specialization of certain states in sor-
ghum production. However, the advances over
the last decade, of high-yielding varieties (HYVs)
particularly suited and adapted to some regions,
have led to partial and possibly temporary rever-
sals of such trends. It must be anticipated in the
long run, that with increasing commercialization of
Indian agriculture, the past trend of regional
specialization with interregional trade will con-
tinue to locate cropping patterns containing sor-
ghum in all those areas that have a comparative
advantage for such systems, i.e., primarily the
rainfed areas of Maharashtra, Andhra Pradesh,
Madhya Pradesh, and Karnataka.2
1. In 1973, Maharashtra had 7% of its sorghum area
under HYV, and in 1978 this figure increased to 27%.
2. Regions wi th a comparative advantage are not
necessarily those having the absolutely highest
yields; the comparative advantage for a particular
crop exists where and when the demand price minus
the cost of production gives, relative to other crops,
the comparatively highest return.
International Crops Research Institute for the Semi-Arid Tropics.
Symposium on Sorghum, 2-7 Nov 81, Patancheru. A.P., India.
1982. Sorghum in the Eighties: Proceedings of the International
Patancheru, A.P. India: ICRISAT.
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Table 1. All India area ('000 ha) under various careals and their relative ahara in the total cereals area.
Crops 1954/57 1958/61 1968/71 1972/75 1975/78
Rice 31 520 33 706 37 413 37 621 39 329
(36.2) (37.0) (37.1) (37.6) (38.2)
Sorghum 17 021 18 026 18 237 16 139 16 045
(19.6) (198) (18.1) (16.1) (15.9)
Pearl millet 11 318 11 197 12 486 12 345 11 119
(13.0) (12.3) (12.4) (12.3) (10.8)
Maize 3 734 4 338 5 8 1 0 5 905 5 9 1 0
(4.3) (4.8) (5.8) (5.9) (5.7)
Finger millet 2 294 2 524 2 497 2 3 8 4 2 592
(2.6) (2.8) (2.5) (2.4) (2.5)
Small millets 5 3 1 3 5 087 4 754 4.432 4 697
(6.1) (5.6) (4.7) (4.4) (4.6)
Wheat 12 383 12 974 16 941 18 685 20 859
(14.3) (14.2) (16.8) (18.7) (20.3)
Barley 3 450 3 298 2 692 2 661 2 345
(4.0) (3.6) (2.7) (2.7) (2.3)
Total cereals 87 036 91 183 100 831 100 174 102 899
(100) (100) (100) (100) (100)
Figures in parentheses are percentages.
Source: Government of India, All India Estimates of Area. Yield and Production (various issues)
Market Channels
Sorghum is primarily grown for home consump-
tion in India. Estimates from various studies
indicate that from 1972 to 1977 in the major
producing areas, about 1 0 - 1 5 % of sorghum on
average was sold in the market. Market arrivals
varied from state to state (Table 3). In Uttar
Pradesh, Gujarat, and Rajasthan more than 15%
arrived in the market, while for Tamil Nadu,
Andhra Pradesh, and Karnataka this was less than
10%. For Maharashtra, unfortunately figures are
not available. Looking at the data on market
arrivals over time at the all-India level, it is found
that after a low in 1974, market arrivals increased
not only for sorghum but also for wheat and
especially rice. This may be attributed not only to
higher production during those years but also to
price policies which made market access and
interregional trade in food grains increasingly
attractive, by the provision of market places as
well as by the removal of food zoning and other
trade barriers. As has been shown elsewhere (von
Oppen 1978), this increasing commercialization
leads to increasing specialization of crop produc-
tion accompanied by a growth in aggregate
productivity. In view of the fact that these policies
continued, it can be expected that market arrivals
at present of sorghum are between 15 and 2 0 %
of the all-India level. To better understand the
market channels of sorghum and other ICRISAT
crops, several studies were conducted by ICRI-
SAT's Economics Program, some results of which
are reported below.
Market Surplus and
Market Access for
Different Farm Sizes
A detailed study of 20 villages was conducted in
Mahbubnagar district to study the effect of
market access on market surplus and aggregate
productivity.
In these villages, farmers' marketable surplus
on average is 28% of the total sorghum produc-
tion for the three landholding classes (Table 4).
The market surplus increases wi th landholding
size. It varies from 5% for the small landholding
class to 4 0 % for the large landholding class. Table
5 also classifies the data on the basis of distance
to the market, and the influence of the distance on
the market surplus. On an average for all landhold-
ing classes, the market surplus is the highest w i th
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Table 2. Area, production, and yield
a
 of sorghum in selected states of India, over time.
1954/57 1958/61 1968/71 1972/75 1975/78
States Area Prodn Yield Area Prodn Yield Area Prodn Yield Area Prodn Yield Area Prodn Yield
Punjab and Haryana 267 41 156 296 54 182 220 48 222 183 52 274 176 34 179
(1.6) (5) (1.6) (6) (1.2) (.5) (11) (6) (11) (3)
Uttar Pradesh 928 537 578 906 570 629 759 456 601 717 470 655 690 491 714
(5.4) (6.9) (5.0) (6.2) (4.2) (4.9) (4.4) (5.3) (4.3) (4.6)
Rajasthan 1 041 308 295 1 073 318 296 1 097 395 360 971 337 349 .758 276 360
(6.1) (3.9) (5.9) (3.5) (6.0) (4.3) (6.0) (3.8) (4.7) (2.6)
Gujarat 1 467 362 247 1 362 303 222 1 314 400 304 970 321 333 1 056 562 533
(8.6) (4.7) (7.5) (3.3) (7.2) (4.3) (6.0) (3.6) (6.6) (5.3)
Madhya Pradesh 1 908 992 520 1964 1 291 657 2 437 1 538 631 2 122 1 598 751 1 930 1 355 702
(11.2) (12.8) (10.9) (14.1) (13.4) (16.7) (132) (18.1) (12.0) (12.8)
Maharashtra 5 586 2 784 498 5 882 3 3 1 3 563 6 054 2 784 460 5 7 1 8 2 577 439 6 4 1 0 4 422 688
(32.8) (35.9) (32.6) (36.2) (33.2) (30.2) (35.4) (29.2) (39.9) (41.7)
Andhra Pradesh 2 494 1 172 470 2 559 1 405 549 2 657 1 213 456 2 709 1 363 507 2 248 1 165 520
(14.6) (15.1) (14.2) (15.4) (14.6) (13.2) (168) (15.4) (14.0) (11.0)
Karnataka 2 613 1 049 402 2 801 1091 389 2 939 1 820 619 2 037 1 578 765 1 913 1 535 797
(15.3) (13.5) (15.5) (11.9) (161) (19.8) (12.6) (17.9) (12.0) (14.5)
Tamil Nadu 744 518 697 759 581 766 715 530 741 665 504 760 808 742 918
(4.4) (6.7) (4.2) (6.3) (3.9) (5.7) (4.1) (5.7) (5.0) (7.0)
All India 17 021 7 751 455 18 026 9 142 507 18 237 9 209 504 16 139 8 826 545 16 045 10615 661
(100) (100) (100) (100) (100) (100) (100) (100) (100) (100)
a. Area in '000 ha; production in 000 tonnes; yield in kg/ha
Figures in parentheses indicate percentages.
Source: Government of India, All India Estimates of Area. Yield and Production (various issues).
Table 3. Estimated average arrivals' of sorghum,
wheat , and rice from village into whole-
sale assembling markets as a percentage
of production in selected States of India,
over t ime.
State/Year Sorghum Wheat Rice
Andhra Pradesh 8.0 32.8
Gujarat 23.4 34.1 48.2
Karnataka 7.6 14.1 16.0
Madhya Pradesh 13.7 22.0 18.8
Maharashtra 33.5 7.2
Rajasthan 16.3 20.5 13.3
Tamil Nadu 9.0 44.4
Uttar Pradesh 29.4 20.2 23.0
All India 11.5 28.1 24.3
1972/73 14.3 31.2 23.6
1973/74 10.8 23.4 22.4
1974/75 8.8 23.9 22.0
1975/76 11.2 30.5 26.2
1976/77 12.6 31.7 27.0
a. Unweighted averages of the years 1972/73 to 1976/77.
Source: Government of India. Bulletin of Food Statistics. 1979.
p. 17.
36% in villages with the nearest market distance
(within 15 km) and the lowest wi th 18% in distant
villages (over 25 km from the market).
While small farms have only negligible quanti-
ties of sorghum as a marketable surplus at all
locations, large farms respond strongly to the
increasing market distance wi th a decreasing
marketable surplus of sorghum. Out of the total
sorghum produced, 7 2 % is retained on the farm;
5 1 % is used for home consumption (for all
categories of landholding class). 17% for kind
wage payment and 4% for seeds. While kind
payment and retention for seed are constant,
regardless of the market distance, the home
consumption of sorghum increases, especially in
large farms wi th increasing distance to the
nearest market. In other words, for large farmers
in the vicinity of a market, sorghum must be
considered as a commercial crop.
Market Flows of Sorghum
Through Different Channels
In a marketing study of ICRISAT crops, 29
markets were randomly selected in the semi-arid
tropical areas of India. For sorghum, markets in
Maharashtra and Andhra Pradesh were mainly
considered. Estimates of quantities passing
through different channels were made based on
information collected from traders and farmers in
these markets. Figure 1 gives the estimates of
f lows of sorghum through different channels in
1974/75. About 2 2 % of sorghum is sold in
primary wholesale markets and 7 8 % is retained
on the farm. From the primary wholesale markets,
7% goes to the local retailer, 10% to secondary
wholesale markets and 5% to terminal markets.
Again from secondary markets, about 5% goes to
retailers and the remaining 5% to terminal mar-
kets. Of the 78% retained on the farm, 50% is
used for home consumption, 24% for kind pay-
ment of wages and 4% is retained for seeds.
Producer's Share in Consumers ' Rupee
A detailed investigation into the prices and market
margins in three markets in Andhra Pradesh
shows that here producers receive about 8 5 % of
the consumers' rupee (Table 5). A study further
shows that the producer's share in the consum-
ers' rupee decreases as one looks at crops like
pigeonpea, chickpea and groundnut because for
these products the amount of services required
for transformation of the product into a consum-
able commodity increases. Thus the relatively
high share which producers receive of the con-
sumers' rupee is explained not only by a relatively
efficient market channel but also by the fact that
sorghum does not undergo any physical transfor-
mation while in the market channel. Consumers
buy the grain as such and do the grinding
themselves with the help of local small-scale
mills.
Interregional T rade
A large proportion of sorghum is traded within the
same district and between districts within the
same state. Interstate trade of sorghum over long
distances is also observed (Fig. 2), e.g., Maharash-
tra, Gujarat, and Karnataka import considerable
quantities from other states. Sorghum does not
f low to the eastern region of India. Its trade is
mainly concentrated within the SAT areas of India
where it is the staple food. The interregional trade
of sorghum is less than that of pigeonpea and
chickpea.
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Table 4. Production and percentage of market surplus of sorghum by farmers in different landholding classes and w i th different market access.
Land
holding
classa
(A)
Production
+ wage in
kind received
(Q)
In % of A 
% of wage in
kind received
to productionVillages
Payment
in kind
Retained
for seed
Retained
for house
consumption
Retained
for future
sales
Marketed Market
surplus
Near S 145.0 9 0 2 1 8 6 8 - 2 1 2.1 36.3
M 290 8 21.1 2 6 55.4 1.4 19.5 20.9 1.6
L 6 5 7 0 17.0 2 6 30.5 12.2 3 7 7 4 9 9 -
All 10938 17.1 2.5 44.6 7.7 28.1 35.8 4.1
Middle S 1457 9.9 1.5 78.3 - 10.3 10.3 3 2 6
M 238 3 19.4 3.3 60.3 2.1 149 17.0 1.6
L 383 0 19.7 3.4 44.8 3.1 2 9 0 3 2 6 -
All 767.0 17.8 3.0 5 6 0 2 2 21.0 23.2 5.4
Far S 67.3 14.8 1.9 82.2 - 1.1 1.1 20.3
M 126.1 1 8 5 3.3 70.9 - 7.3 7.3 5.7
L 2 5 4 0 18.5 3.1 51.6 3.9 2 2 9 2 6 8 -
All 447 4 17.9 3.0 61.6 2 2 153 17.5 4.3
All S 358 6 10.5 1.8 8 2 5 - 5 2 5.2 31.5
M 655.1 20.0 3.0 6 0 2 1.4 15.4 168 2.4
L 1294 0 182 2 9 38.8 7.9 32.2 40.1 -
All 2307.7 17.5 2 8 51.6 4.8 2 3 3 28.1 4.6
a. S = small; M = medium; L = large: All = all categories
Q = Quintal (100 kg).
Table 5. Average estimate of marketing margins (rupees per quintal) In three markets ' f o r five selected
crops, 1975-76 .
Crops
Item Sorghum Pearl millet Pigeonpea Chickpea Groundnut
Wholesale traders' level
Gross margins 14.83 13.23 17.59 17.71 11.36
(8.77)b (8.03) (6.87) (7.10) (3.72)
Net margins 7.85 6.47 6.76 6.96 6.09
(4.64) (3.93) (2.64) (2.79) (199)
Millers' level
Gross margins 2 2 5 6 20.43 40.82
(8.81) (8.19) (13.35)
Net margins 11.54 11.55 16.81
(4.51) (4.63) (5.50)
Retailers' level
Gross margins 7.08 6.18 12.27 10.92 23.50
(4.19) (3.75) (4.79) (4.38) (7.69)
Net margins (4.85) 3.95 7.67 6.61 10.52
(2.87) (2.40) (3.00) (2.65) (3.44)
Producers' net price 144.58 142.66 200.13 196.84 226.09
(85.49)c (86.63)
c
(78.16)c (78.92)c (73.97)
c
Consumers' price 169.11 164.67 256.04 249.41 305.66
(100) (100) (100) (100) (100)
a. Warangal, Khammam, Tandur.
b. Figures in parentheses are percentages.
c. Producer's share in consumers' rupee.
Price Correlat ions in S o r g h u m M a r k e t s
The correlation of prices reported from different
markets provides a measure of pricing efficiency
of these markets. Price correlations vary between
pairs of markets in different regions. Table 6 
shows the price correlation coefficients among
three Andhra Pradesh markets and 28 other
selected markets for different products. For sor-
ghum, the correlation coefficients are quite low in
comparison wi th other crops. This could be
explained partly wi th the high variability in the
quality of sorghum; average prices, as they are
being reported, do not generally refer to the
quality of the product. In addition, however,
sorghum markets cannot be expected to be highly
integrated (as compared wi th pulses) because of
the fact that sorghum trade generally involves
much shorter distances than does the trade of
pulses (Fig. 2).
Prices Over Space and Time
Price Index of Sorghum
Over the Last 15 Years
Sorghum prices have kept in line with the prices
for other cereals over the last 15 years, but from
1970 onwards they have increased at a faster rate
than wheat and all cereals (Fig. 3). One reason for
this recent price rise could be the decline in per
capita net availability of coarse cereals, particularly
from 1970 onwards. In comparison, the per capita
net availability of wheat increased over time,
while availability of total cereals remained more or
less constant. According to Bapna (1976) "... the
aggregate coarse cereal price increased at the
rate of 10.5% per annum between 1951 and
1974, while that of wheat and rice increased by
8.4% per annum. The price of coarse cereals
during recent years has reached and even surpas-
sed the levels of wheat and rice prices."
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Seasonal Price Var iat ion of S o r g h u m
A s tudy o f m o n t h l y pr ices for t h e years 1 9 7 0 - 7 6
s h o w s tha t seasonal pr ice var iat ion has a peak in
S e p t e m b e r and a l o w in t h e m o n t h s o f February
and M a r c h . The increase f r o m t h e l o w e s t t o t h e
h ighest is about 1 6 % in 6 m o n t h s . Thus t h e pr ice
increase is abou t 2 . 6 % / m o n t h . In terest ing ly , t h e
marke t arrivals o f s o r g h u m are 3 3 % o f t h e to ta l
annual arrivals (average of 1 9 7 0 - 7 6 ) in January
- M a r c h and on ly 1 8 % in J u l y - S e p t e m b e r (Fig. 4) .
Regional Price Var iat ion
M a p p i n g of s o r g h u m pr ices, by d is t r ic t in four
s ta tes , s h o w s s o m e in te res t ing regional pa t te rns .
Dur ing 1 9 5 7 - 6 4 there is not m u c h pr ice var iat ion
in so rghum b e t w e e n the d is t r ic ts in t he four
s ta tes , a l though pr ices for s o r g h u m in nor the rn
Karnataka t e n d to be the h ighest , w h i l e t hose in
centra l Madhya Pradesh are t he l o w e s t (Fig. 5).
H o w e v e r , f r o m 1965 to 1973, s o r g h u m pr ices in
Karnataka at ta ined considerably h igher levels than
M a d h y a Pradesh, Andhra Pradesh, and Tami l
Nadu (Fig. 6). Restr ic t ions in interregional t rade as
w e l l as o ther f o o d pol ic ies are respons ib le for th is
d i f fe rent ia t ion o f so rghum pr ices. A f t e r the gra-
dual l i f t ing o f t hese restr ic t ions f r o m 1977 o n -
w a r d , t he or iginal p ic ture o f relat ively m ino r pr ice
var iat ion for s o rghum across Indian d is t r ic ts is
l ikely to have reestabl ished itself.
E l a s t i c i t i e s
In India, p roducers and consumers of s o r g h u m
respond to changes in pr ices. This is m e a s u r e d in
t h e f o r m of elast ic i t ies, i.e., the pe rcen t change in
quant i t ies suppl ied o r d e m a n d e d g iven a 1 %
change in pr ice or i ncome.
D e m a n d Elasticities
There are no es t ima tes of t h e e last ic i t ies o f
d e m a n d for s o r g h u m per se ; h o w e v e r , s ince
s o r g h u m represents t h e largest share in t h e g roup
o f "o the r ce rea ls " (wh ich toge the r w i t h r ice a n d
w h e a t cons t i t u te all cereals in India), t h e elast ic i -
t ies m e a s u r e d by Radhakr ishna a n d M u r t y (1980)
fo r th is g roup o f p roduc ts ref lect largely t h e case
of s o r g h u m (Table 7).
The es t ima tes s h o w reveal ing d i f fe rences be-
t w e e n urban and rural c o n s u m e r s , especia l ly in
6 6 5
Product ion
Retent ion on the farm Sold in pr imary w h o l e s a l e market
Home
consumpt ion Seed
Payments
in k ind
Local
re ta i le r
Secondary
who lesa le
market
Terminal
market
Consumer
Retai ler Terminal
market
Retai ler
Consumer Retai ler
Consumer
Consumer
Figure 1. Estimates of flows of sorghum through different market channels. 1974/75. 
Table 7. Demand elast ic i t ies of so rg hum In India.
Income
Group
Income elasticities Price elasticity
Rural Urban Rural Urban
I .881 1.041 - 1 . 5 4 1 - 3 . 4 4 2
II .557 .871 - 1 . 0 3 0 - 2 . 0 5 8
III .511 .962 - .443 -1 .187
IV .186 .363 - .104 - .289
V .172 - . 4 5 0 - .078 .228
Source: Radhakrishna and Murty (1980).
t h e h igher i n c o m e g roups . General ly , w i t h increas-
ing i ncome , c o n s u m p t i o n o f s o r g h u m increases
w i t h rural a n d urban c o n s u m e r s ; t h e e last ic i ty i s
h ighes t in t he l o w e s t i n c o m e g roup (I) and i t
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Supp ly Elasticit ies
The supp ly e last ic i t ies o f s o r g h u m avai lable a t
p resen t or ig inate f r o m a persona l c o m m u n i c a t i o n
by Hans B i n s w a n g e r o f t h e E m p l o y m e n t and
dec reases w i t h h igher i n c o m e g r o u p s ; i n t h e
h ighes t i n c o m e g roup (V) of urban popu la t ion
c o n s u m p t i o n even fal ls w i t h r is ing i n c o m e . As
pr ices r ise, d e m a n d fal ls in all but t h e h ighes t
i n c o m e g r o u p ; in t he case o f urban c o n s u m e r s
th is t e n d e n c y i s abou t t w i c e as s t r ong as w i t h
rural c o n s u m e r s . The h ighes t i n c o m e g r o u p o f
rural c o n s u m e r s s h o w s a near ly zero response to
s o r g h u m pr ices and t h e urban h ighes t i n c o m e
g r o u p e v e n has a pos i t i ve s o r g h u m pr ice elast ic-
i ty, i.e., i f p r ices r ise th is g roup ' s d e m a n d of
s o r g h u m increases.
5% 5%
50% 4% 24% 7% 1 0 % 5%
78%
100%
22%
Figure 2. Production of sorghum, market arrivals as percent of production, and total flows (as percent 
of market arrivals) from selected food grain markets in selected states of India. 1974/75. 
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Name o f s t a t e P r o d u c t i o n
( 1 0 0 0
m e t r i c t o n )
E s t i m a t e d
m a r k e t
a r r i v a l s
a s 7. o f
p r o d u c t i o n
A n d h r a P r a d e s h 1 5 7 1 8
Madhya P r a d e s h 1 8 6 9 18
M a h a r a s h t r a 3 6 2 2 NA
R a j a s t h a n 3 0 6 3 1
G u j a r a t 3 2 0 16
K a r n a t a k a 1 8 1 5 5
U t t a r P r a d e s h 397 12
Segment i n c i r c l e
i s e s t i m a t e d m a r k e t
a r r i v a l s , a s p e r c e n t
o f p r o d u c t i o n
New D e l h i
S h o r t a r r o w s ( r e g a r d l e s s o f d i r e c t i o n ) r e p r e s e n t
f l o w s t o o t h e r m a r k e t s w i t h i n t h e d i s t r i c t .
M e d i u m l e n g t h a r r o w s ( r e g a r d l e s s o f d i r e c t i o n )
r e p r e s e n t f l o w s t o m a r k e t s i n o t h e r d i s t r i c t s
w i t h i n t h e s t a t e .
A r r o w s a c r o s s s t a t e b o r d e r s r e p r e s e n t f l o w s t o
m a r k e t s i n o t h e r s t a t e s .
W i d t h o f a r r o w r e p r e s e n t s r e l a t i v e p r o p o r t i o n o f
f l o w .
F o r e x a m p l e , i n Madhya P r a d e s h , a b o u t 22% o f t h e
s o r g h u m a r r i v i n g i n t h e s e l e c t e d r e g u l a t e d m a r k e t s
f l o w s t o M a h a r a s h t r a , 157. t o G u j a r a t a n d 37. t o
K a r n a t a k a . O f t h e r e m a i n d e r a b o u t 3 5 % g o e s t o
m a r k e t s i n o t h e r d i s t r i c t s o f Madhya P r a d e s h a n d
t h e r e m a i n i n g 2 5 % s t a y s w i t h i n t h e d i s t r i c t s o f t h e
m a r k e t s w h e r e f i r s t s o l d .
Figure 3. Indices of real prices and per capita availability of sorghum (coarse cereals), wheat, and total 
cereals (base 1961/62 = 100). 
Years
Sorghum
Total
cereaIs
Wheat
H O
130
120
110
100
90
80
70
6 0
50
160
150
140
130
120
110
100
90
80
70
Per capita net avai labi l i ty
of wheat, coarse cereals,
and total cereals
Total
Cereal
Coarse
cereals
Wheat
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negat ive ly in f luences pr ice.
S o r g h u m fodder is an impor tan t sou rce o f an ima l
f e e d in India. M o s t o f t h e s t r a w is u s e d fo r
on- fa rm c o n s u m p t i o n . Howeve r , excess quan t i -
t ies are so ld in urban fodder marke ts . For a be t te r
unders tand ing o f t he func t ion ing o f such urban
fodder marke ts , t hese w e r e s tud ied in t h e c i ty o f
Hyderabad.
The fodder marke ts in Hyderabad are no t
organized or regulated as are t he major grain
marke ts in Hyderabad and e l s e w h e r e in India. The
t ransact ions are not off ic ial ly recorded . The mar-
ket yard is a p iece of land be long ing to a g roup of
persons w h o also act as c o m m i s s i o n agen ts .
Fodder is b rought to t hese marke ts in car t loads
f r o m ne ighbor ing vi l lages f r o m a d is tance of
1 5 - 7 0 k m , and s o m e t i m e s i n t rucks f r o m dis-
tances o f 300 km or more .
The m o d e o f t ransact ion is qu i te s imp le . Fodder
is so ld on a per cart basis; one cart conta ins abou t
100 bund les . The seller d isplays a f e w bund les of
his s t r a w for the buyer to inspect . O t h e r than in
grain marke ts , t he re are no auct ions in t h e f odde r
marke t and the c o m m i s s i o n agent ( the o w n e r o f
t h e marke t place) p roposes a pr ice to t h e sat is fac-
t ion of t he buyer and the seller.
Seasonal Variation in Prices
The seasonal variat ion in s o r g h u m fodder pr ices is
dep i c ted in Figure 7. So rghum stalk is d iv ided in to
f ive var iet ies that are c o m m o n l y f o u n d in t h e
m a r k e t (bes ides HYV so rghum) . For all t h e
var iet ies of s o r g h u m , fodder pr ices are h igh dur ing
t h e m o n t h s o f May , June , and July. Dur ing t h e
pos tharves t m o n t h s o f November , D e c e m b e r ,
and January, pr ices are very l ow . The graph also
s h o w s that t he variat ion i n fodder pr ices w a s
higher in 1977 than in 1978. The reason is tha t
f r o m January 1978 fodder suppl ies began to be
d r a w n f r o m a w i d e r radius, i.e., as far as Kurnoo l
and Cuddapah d is t r ic ts , w h i c h are 300 km a w a y
f r o m Hyderabad.
As already m e n t i o n e d , s o r g h u m s t r a w is b rough t
f r o m ne ighbor ing vi l lages. I f p r ice d i f f e rences pe r
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Spatial Variation of
Sorghum Straw Prices
On any g iven marke t day, pr ices o f s o r g h u m m a y
vary w i t h i n a range o f s o m e t i m e s 1 5 % or m o r e
a round the average pr ice. The pr ice d i f fe rences
are caused by d i f f e rences in t h e qual i ty m i x o f
m a r k e t arr ivals. S o m e qual i t ies are pos i t ive ly and
o the rs are negat ive ly re la ted to pr ice. Us ing
mu l t i p l e regress ion analysis, t h e var iat ion in pr ice
d u e to qual i ty can be e s t i m a t e d (von O p p e n and
Rao 1982). No t on ly ev iden t qual i t ies bu t a lso
cryp t i c qual i t ies are f o u n d to have a stat is t ica l ly
s ign i f icant in f luence on pr ice. A m o n g the ev iden t
qual i t ies , red color and m o l d e d gra in negat ive ly
in f luence p r i ce ; also hund red -seed -we igh t pos i -
t ive ly a f fec ts pr ice . A m o n g t h e c ryp t ic qual i t ies ,
d ry v o l u m e and pro te in c o n t e n t pos i t i ve ly in f lu -
e n c e p r i ce and t h e absence o f swe l l i ng capac i ty
Quality of Sorghum Grain as a 
Determinant of Price
Rural D e v e l o p m e n t D e p a r t m e n t o f t he W o r l d
Bank, W a s h i n g t o n , D. C. 20433 , U.S.A. His
research ind icates tha t Indian s o r g h u m producers
respond rather s t rong ly to s o r g h u m pr ices w i t h
elast ic i t ies ranging f r o m 0.2 to 0.8, depend ing
upon w h i c h m e t h o d o f es t ima t i on i s used . Thus,
e v e n t h o u g h t h e m a r k e t e d por t ion o f s o r g h u m
p r o d u c e d in India m a y be l ow , f a rme rs appear to
be w e l l a w a r e o f s o r g h u m pr ices and actual ly
respond qu i te s t rong ly to i ts changes .
Figure 4. Average monthly detrended index 
prices of sorghum in India (1970-76) 
and percentage of sorghum arrivals to 
the market (1970-76). 
S o r g h u m F o d d e r M a r k e t s
Feb May Aug Nov
Months
40%
20%
350
340
330
320
3 1 0
3 0 0
2 9 0
2 8 0
270
260
260
Index
Figure 5. Average sorghum prices in selected states (average price by district) over 8 years from 
1956/57 to 1963/64 in rupees per quintal. 
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Figure 6. Average sorghum prices in selected states (average price by district) over 8 years from 
1964/65 to 1972/73 in rupees per quintal. 
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Ye l l ow s o r g h u m s t r a w f e t c h e s a h igher pr ice per
un i t o f w e i g h t t h a n w h i t e s o r g h u m s t r a w ( the
fa rme rs cons ide r y e l l o w s o r g h u m s t r a w t o b e
m o r e nutr i t ious) . A m o n g y e l l o w s o r g h u m s t r aw ,
t h e s t r a w of sho r te r var ie t ies f e t c h e s a h igher
pr ice than t h e tal l var ie t ies. O n e reason cou ld be
tha t tal l var ie t ies canno t be f e d d i rec t ly t o t h e
an ima ls because t h e s ta lks are long a n d hard . I t
has to be cu t by a m a c h i n e in to sma l l p ieces
b e f o r e i t can be c o n s u m e d . The HYV s o r g h u m
stalk pr ice i s abou t 3 0 % l o w e r than t h e pr ice o f
loca l s o r g h u m sta lk in Hyde rabad in N o v e m b e r (it
w a s abou t 4 0 % l o w e r i n Doku r v i l lage fo r 1 9 7 7 /
78) . Because o f th is pr ice d i scoun t , on ly neg l ig ib le
quan t i t i es o f HYV s o r g h u m sta lk ar r ived in t h e
marke t . Acco rd i ng t o c o m m i s s i o n a g e n t s , buye rs
are w i l l i ng t o b u y H W s o r g h u m sta lk p rov i ded
t h e y are g r e e n . A f t e r d ry ing , HYV sta lks are
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Value of Grain and Straw of Sorghum
The p resen t s t u d y enab les us t o e s t i m a t e t h e
re lat ive va lues o f g ra in and f o d d e r f r o m t rad i t iona l
a n d h igh-y ie ld ing var ie t ies. G iven t h e y ie ld o f
s o r g h u m gra in and t h e y ie ld o f s ta lks f r o m a 
part icu lar p lo t , t h e to ta l va lue o f o u t p u t can be
c o m p u t e d b y mu l t i p l y ing w i t h t h e appropr ia te
m a r k e t pr ices.
For th is pu rpose , ave raged grain a n d f odde r
y ie lds fo r t h e years 1976, 1977 and 1978 fo r b lack
a n d red soi ls w e r e ob ta ined f r o m f a r m i n g s y s t e m s
e x p e r i m e n t s at ICRISAT Cen te r for local and HYV
s o r g h u m . The f odde r and gra in pr ices fo r s o r g h u m
for t he m o n t h o f D e c e m b e r 1977 w e r e used i n
Hyde rabad and Kandi ma rke t s . (The Kandi w e e k l y
m a r k e t i s loca ted abou t 55 km a w a y f r o m Hyder -
abad.) The resu l ts o f t he c o m p u t a t i o n are pre-
s e n t e d in Table 9 and s h o w tha t t h e va lue o f
f odde r fo r HYV s o r g h u m i s on ly abou t 2 5 % o f t h e
to ta l va lue of o u t p u t (main p roduc t and by-
p roduc t ) w h e r e a s fo r t h e local var ie ty i t i s 5 5 % .
Consequen t l y , t h e va lue o f gra in i s 7 5 % fo r HYV
s o r g h u m and on ly 4 5 % for t h e local var ie ty .
H o w e v e r , t h e to ta l va lue o f o u t p u t fo r HYV
s o r g h u m i s on ly abou t 2 0 0 - 3 0 0 r u p e e s / h a h igher
t h a n tha t o f t rad i t ional var ie t ies . Even i f t h e
c o m p a r i s o n i s based on t h e l o w e r p r i ces fo r local
y e l l o w s o r g h u m and HYV s o r g h u m g r o w n du r ing
t h e kharif s e a s o n , t h e advan tage in favor o f H Y V
cons ide red t o lose the i r f o d d e r va lue a n d t h e
an ima ls are re luc tan t to eat HYV s ta lks .
Figure 7. Seasonal variation in sorghum fodder prices. 
car t load (i.e., o n e h u n d r e d bund les) b e t w e e n t h e
vi l lage and t h e Hyderabad m a r k e t are e x p r e s s e d
as a func t i on of d i s tance in m i l es fo r d i f f e ren t
t y p e s o f s o r g h u m s t r a w jo in t ly and re lat ive to
y e l l o w tal l s t r a w (Table 8), a d i s tance coe f f i c ien t of
0 .52 is f o u n d ; i.e., fo r eve ry 10 m i l es t h e marg in
increased by Rs. 5 .20 per car t load o f s o r g h u m
s t r a w . In o the r w o r d s , as d i s tance increases, t h e
vi l lage pr ice dec reases in l ine w i t h t h e t ranspor ta -
t i on cos t o f abou t 0 .52 R s / m i l e .
Variation in Price Due to
Quality of Sorghum Straw
A p r May June Nov Dec Jan Feb Mar Apr May June
19781977
60
50
40
30
2 0
10
0
Ye l low sma l l
Ye l l ow t a l l (medium)
Whi te s m a l l
Ye l l ow t a l l
Whi te b i g
(medium)
s o r g h u m a m o u n t s t o no t m o r e than 500 t o 6 0 0
R s / h a . Cons ider ing t h e addi t ional cos t o f p roduc -
t i on o f HYV s o r g h u m , th is re lat ively sma l l d i f fe r -
e n c e in to ta l va lue o f HYV s o r g h u m m a y expla in
t h e l im i ted adop t ion o f h igh-y ie ld ing var ie t ies in
m a n y par ts o f India.
In v i e w o f t h e genera l impo r tance o f s o r g h u m
as a major sou rce of grain and as fodder for ca t t le ,
t h e va lue o f f odde r shou ld be cons ide red in
b reed ing n e w var ie t ies .
I f a hybr id s o r g h u m w i t h h igh qual i ty s t r a w
c o u l d be d e v e l o p e d w i t h o u t a ser ious dec rease in
Conclusion
India is a major s o r g h u m producer in t h e w o r l d ,
a l though i ts y ie lds are only about half tha t o f t h e
w o r l d average. Yield increases t h rough n e w
var ie t ies are poss ib le ; h o w e v e r , t h e adop t ion o f
n e w var ie t ies m a y be cons t ra ined because o f t h e
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gra in y ie lds, t he resul t ing a t t rac t iveness to t h e
fa rme r w o u l d probably great ly speed adop t ion o f
such a t ype .
Table 9. Comparison of fodder and grain values between local and high-yielding varieties of sorghum.
Sorghum variety
Product Item Local HYV
8
Grain Yield (100 kg /ha)
Price (Rs/100 kg):
Osmangunj
Kandi
Value (Rs/ha):
Osmangunj
Kandi
12
126
107
1512 (45)
1284 (45)
31
84
77
2604 (73)
2387 (76)
Fodder Yield (100 kg/ha)
Price (Rs/100 kg):
Osmangunj
Kandi
Value (Rs/ha):
Osmangunj
Kandi
66
28
24
1848 (55)
1584 (55)
48
20
16
960 (27)
768 (24)
Total
(grain and fodder)
Value (Rs/ha):
Osmangunj
Kandi
3360 (100)
2868 (100)
3564 (100)
3155 (100)
a. Figures in parentheses indicate percent to total value of production.
Table 8. Regression coefficients (t-values In brackets) explaining the margin
a
of sorghum straw as a function
of qualities relative to a reference quality
b
 and distance to the urban fodder market.
Distance
in miles W. Small W. Medium Y. Small Y. Medium Intercept R2
0.52
(8.1)
- 5 . 4 5 - 4 . 0 8 -14 .32
(-2.9) (-1.8) (-7.7)
- 8 . 8 3 19.79 0.41
(-4.4)
W = Whi te sorghum; Y = Yellow sorghum.
a. Margin is def ined as market price minus village price in Rs/cartload.
b. Reference quality: "ye l low tal l ."
f odde r va lue o f t rad i t ional var ie t ies a n d because o f
grain qual i t ies p re fe r red in t h e t rad i t iona l var ie t ies .
T h e impo r tance o f s o r g h u m s t r a w as f o d d e r i n
t h e Indian e c o n o m y emphas i zes t h e n e e d i n t h i s
c o u n t r y t o e i t h e r b r e e d n e w dua l p u r p o s e
var ie t ies , i.e., t h o s e w i t h b o t h g o o d gra in qual i t ies
a n d g o o d f odde r qua l i t ies , o r t o o f f e r t h e f a r m e r
a l ternat ive t echno log ies w h i c h w o u l d p e r m i t h i m
to plant specia l gra in t y p e s o f s o r g h u m and spec ia l
f odder t y p e s o f s o r g h u m (or any o the r su i tab le
fodde r crop) a t t h e s a m e t i m e ; i m p r o v e d t e c h -
no log ies o f f odde r conse rva t i on s u c h as s i lage
m i g h t have to be inc luded in th i s t e c h n o l o g y
package.
I n t h e e n d , t h e re tu rns f r o m n e w dua l p u r p o s e
var ie t ies o r f r o m spec ia l ized gra in and f o d d e r
p roduc t i on w o u l d have t o e x c e e d t h o s e f r o m t h e
local dual p u r p o s e var ie t ies o f t rad i t ional s o r g h u m .
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Some Important Socioeconomic Issues
Concerning Sorghum in India
H. R. Araker i *
S o r g h u m i s o n e o f t h e f o u r ma jo r ce rea l c rops o f
t h e w o r l d . I n 1979 (FAO 1979), i t w a s g r o w n over
an area o f 5 0 . 8 7 9 mi l l ion ha and t h e p roduc t i on
w a s 6 7 . 2 6 8 mi l l ion m e t r i c t o n n e s . Seven ty - f i ve
pe r c e n t o f t h e w o r l d area bu t on ly a b o u t 4 0 % o f
p r o d u c t i o n c a m e f r o m Asia a n d Af r ica , w h e r e t h e
gra in i s m o s t l y u s e d as h u m a n f o o d . The y ie ld w a s
0 .69 t / h a in A f r i ca a n d 0 .88 t / h a in As ia . In No r th
A m e r i c a a n d o t h e r coun t r i es , w h e r e t h e gra in i s
u s e d m o s t l y as an ima l f e e d and i n indus t r ies , t h e
y ie ld leve l w a s 3.4 t / h a .
S o r g h u m is ra ised as a fo rage and s i lage c rop in
s o m e coun t r i es , w h i l e i n s o m e o the r coun t r i es ,
indust r ia l uses o f t h e gra in are on t h e increase.
Resu l t s ind ica te t h a t s o r g h u m is a b o u t as g o o d a 
f e e d gra in as ma ize fo r p igs , ca t t le , sheep , and
pou l t r y (Anon . 1972). I t i s s h o w n to be e v e n be t t e r
t h a n bar ley and oa ts . S tover (s tubble) i s used fo r
f e e d i n g an ima ls in m a n y coun t r i es w h e r e i t i s
g r o w n fo r f o o d gra in . S o r g h u m is ma in ly a c rop o f
semi -a r id reg ions a l t hough i t t h r i ves w e l l in
s u b h u m i d cond i t i ons . I t is g r o w n in t rop ica l ,
sub t rop ica l a n d t e m p e r a t e reg ions o f t h e w o r l d .
R e s p o n s e to con t ro l l ed i r r igat ion is subs tan t ia l and
i t can , t he re fo re , be g r o w n w i t h advan tage as an
i r r iga ted c r o p in l im i t ed w a t e r supp ly s i tua t ions .
Y ie lds as h igh as 4 t / h a have b e e n ob ta ined unde r
i r r igat ion in t h e U A R (Anon . 1972). Sti l l b e t t e r
resu l t s are o b t a i n e d in s o m e par ts o f India.
Bio logica l ly , s o r g h u m is an e f f i c ien t c r o p plant and
i t n e e d s to be exp lo i t ed t o t h e fu l les t e x t e n t
poss ib le f o r t h e g o o d o f m a n k i n d .
Indian Situation
India p r o d u c e d abou t 84 mi l l ion t o n n e s o f ce rea ls
in 1 9 7 1 . Rice p roduc t ion w a s 38 .74 mi l l ion t o n n e s
a n d that o f m i l le ts and w h e a t w a s 24 .40 mi l l ion
t o n n e s and 20 .86 mi l l ion t o n n e s , respec t ive ly . In
1 9 7 8 / 7 9 , t h e level w a s 119.2 mi l l ion t o n n e s
c o m p r i s i n g 53 .8 mi l l ion t o n n e s o f r ice, 3 4 . 9 8
mi l l ion t o n n e s o f w h e a t and 31 .12 mi l l ion t o n n e s
of mi l le ts (Anon . 1980). The pos i t ion o f m i l l e ts has
n o w m o v e d d o w n t o th i rd rank g iv ing t h e s e c o n d
place to w h e a t . Rice, h o w e v e r , has re ta ined i ts
p r i m e pos i t ion and i s l ikely to ma in ta in t h e s a m e in
f u t u r e .
The aggrega te c o n s u m e r d e m a n d fo r f o o d a n d
supp ly possib i l i t ies in 1985 and 2 0 0 0 AD as
p ro jec ted by t h e Nat ional C o m m i s s i o n on Agr i cu l -
t u re (NCA) (1976a) are g iven in Table 1.
S o r g h u m requ i remen ts have no t been w o r k e d
ou t separate ly . Product ion poss ib i l i t ies , h o w e v e r ,
ind icate tha t t he level o f 20 .04 mi l l ion t o n n e s
c o u l d b e reached b y 2 0 0 0 A D e v e n b y us ing t h e
t e c h n o l o g y avai lable n o w (NCA 1976b).
S o r g h u m is g r o w n in t h e semi-ar id a n d s u b -
h u m i d reg ions o f t h e coun t ry . The area, p roduc -
t i on , and p roduc t i v i t y levels in d i f fe ren t years are
g iven in Table 2.
There is an increas ing t r e n d in p roduc t i on as
also in p roduc t iv i t y . The area, h o w e v e r , is va ry ing
b e t w e e n 16 and 18 mi l l ion ha. The p ro jec t i on
m a d e b y t h e N C A ind icates tha t e v e n i n 2 0 0 0 A D
t h e area w o u l d con t i nue to rema in a t 17 mi l l ion ha.
Yie ld leve ls , h o w e v e r , w o u l d requ i re t o be ra ised
f r o m 0.48 t / h a i n t h e 1 9 6 9 - 7 2 per iod t o 1.2 t / h a
in 2 0 0 0 A D . To ach ieve th is level o f p r o d u c t i o n ,
var ious m e a s u r e s l ike t h e u s e o f hybr ids , fer t i l iz-
ers , pes t con t ro l , e tc . , w o u l d have t o be a d o p t e d
International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings
Symposium on Sorghum. 2 - 7 Nov 8 1 , Patancheru. A.P.. India. Patancheru. A.P. India: ICRISAT.
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Table 1. Aggregate consumer demand and supply possibilities (in million tonnes) of cereals in 1985 and
2000.
1971 1985 Possible 2000 Possible
Demand supplies Demand supplies
Rice 38.74 Low 52.40 61.00 Low 68.76 80.00
Wheat 20.85
High
Low
56.60
29.60 41.00
High
Low
73.98
41.04 50.00
Other cereals 24.40
High
Low
33.39
30.93 40.00
High
Low
45.89
37.79 65.00
Total cereals 83.71
High
Low
High
30.73
85.00
112.93
120.72
High
Low
High
38.53
147.59
157.00
195.00
Source: NCA 1976. Final report Part III: Demand and supply: Chapters 10 and 11 : pages 15 and 87, respectively.
Table 2. Area (In million ha), production (in million tonnes), and yield ( t /ha) of sorghum grain in different
years in India.
Area under Percent area
Year Area irrigation under irrigation Production Yield
1950/51 15.571 0.463 3.0 5.495 0.35
1955/56 17.362 0.625 3.6 6.726 0.39
1960/61 18.412 0.655 3.6 9.814 0.53
1965/66 17.679 0.714 4.0 7.581 0.43
1973/74 16.716 0.677 4.0 9.097 0.54
1977/78 16.318 0.805 5.0 12.064 0.74
1978/79 16.125 0.719 4.5 11.563 0.72
Source: Basic statistics relating to the Indian economy, 1950/51 to 1978/79. Central Statistical Organisation. Department of Statistics,
Ministry of Planning, Government of India: Pages 27 and 29, respectively.
i n add i t ion to pay ing requ i red a t t en t i on to var ious
soc ioeconom ic issues.
India is a Millet Country
F r o m t h e po in t o f v i e w o f t h e agro-c l imat ic
cond i t i ons , India is a mi l le t coun t ry . Bu t , t h e
real izat ion o f th is fac t has no t b e e n su f f i c ien t .
W i t h o u t i r r igat ion, paddy i s g r o w n on ly in heavy
rainfal l reg ions o f t h e c o u n t r y w h e r e t h e rainfal l i s
a d e q u a t e in t e r m s o f m a g n i t u d e and sp read . The
analys is car r ied ou t by t h e N C A s h o w s tha t on ly
a b o u t 7 - 8 % o f t h e p resen t paddy area can b e
hope fu l l y s u p p o r t e d w i t h rain w a t e r w h i c h can b e
said t o be m o r e than adequa te fo r ra is ing t h e c rop
success fu l l y . T w e n t y - f i v e pe rcen t o f t h e paddy
area i s i r r iga ted. The rema in ing 6 6 % o f t h e area
l ies in t h e zones w h e r e rainfal l i s i nadequa te and ,
t he re fo re , t h e y ie lds are l o w . On ly t h e low- ly ing
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General Policy Issues
W h e a t and r ice are cons ide red to be f o o d gra ins
super io r t o s o r g h u m and o the r m i l l e ts f o r va r ious
reasons. Scope fo r conve r t i ng t h e mi l le t gra ins
in to an ima l p roduc ts i s t r e m e n d o u s , bu t losses
occu r in t h e p rocess o f conve rs ion . Possib i l i t ies o f
improv ing t h e qual i ty o f s o r g h u m grain t h r o u g h
breed ing and p rocess ing fo r d i rec t u s e a lso appear
to be cons iderab le . Ser ious a t t e m p t s are n e e d e d
in th is regard. The re are m a n y po l icy i ssues w h i c h
n e e d a t ten t i on a t var ious levels .
areas in t h e s e zones can be re ta ined under paddy
by d ive r t ing w a t e r f r o m high- ly ing areas.
W h e a t i s ano ther impor tan t f o o d c rop w h i c h
has b e e n rece iv ing g o o d a t ten t i on . This is a c rop
w h i c h i s g r o w n in t he w i n t e r season and, as such ,
has to d e p e n d on mo i s t u re s to red in t h e soi l , o r on
i r r igat ion. Sui tab le cond i t i ons prevai l on ly in s o m e
par ts o f t h e coun t ry .
I t m a y be easi ly seen that t h e scope for
increas ing t h e area under paddy and w h e a t are
very l im i t ed . Increase in t he product iv i ty level can,
no doub t , be b rough t abou t by adop t ing in tens ive
m e a s u r e s . I r r igat ion b e c o m e s the key factor in
increas ing t h e p roduc t ion o f r ice as w e l l as w h e a t .
The re is a lways a l imi t up to w h i c h the w a t e r
resources can be s t re t ched . There fo re , t he ma t t e r
that needs examina t i on is, w h e t h e r i t is m o r e
advan tageous to use i rr igat ion w a t e r for paddy
w h i c h requ i res m o r e w a t e r than o ther c rops .
Paddy n e e d s t h r e e t o four t i m e s m o r e w a t e r than
mi l le ts . I f t he re is a shor tage of cu l t i va ted area and
e x c e s s o f wa te r , t h e n the p ropos i t ion o f g r o w i n g
paddy under i r r igat ion can be jus t i f ied . In areas
w h e r e w a t e r i s scarce and the land that needs
irr igat ion i s vast , any s c h e m e to g r o w paddy under
i r r igat ion cannot be subs tan t ia ted on any account .
As far as w h e a t is conce rned , the re is no reason
w h y cu l t i va t ion o f w h e a t shou ld not be e x t e n d e d
w h e r e v e r i r r igat ion faci l i t ies ex is t . W h e a t is as
g o o d as m i l l e ts f r o m t h e w a t e r use e c o n o m y po in t
o f v i e w . Tempera tu re , h o w e v e r , b e c o m e s a l imi t -
ing factor . On the o the r hand , ma ize , s o r g h u m ,
ragi, and m a n y o ther mi l le ts have the inherent
capac i ty t o g r o w and y ie ld w e l l under harsh
cond i t i ons w h e r e r ice and w h e a t m a y not th r ive
w e l l .
In s o m e parts o f t he w h e a t be l t o f t h e coun t ry ,
i t has b e e n s h o w n that ma ize y ie lds are m u c h
higher , e v e n in t h e w in te r , t han w h e a t . Simi lar ly,
s o r g h u m under i r r igated cond i t i ons do very w e l l
e v e n i n t h e s u m m e r . S o r g h u m has been f o u n d to
y ie ld 15 t / h a of grain in 6 m o n t h s in t h e sou the rn
par ts o f t h e coun t ry . The C S H - 1 c rop s o w n a t t h e
e n d of January or t he beg inn ing of February is
ready fo r harves t by t h e e n d o f M a y and t h e
ra toon c r o p can be ha rves ted in A u g u s t . There fo re
in 6 m o n t h s , t w o harves ts can be ob ta ined .
S o r g h u m i s s h o w n to be be t te r than r ice, w h e a t ,
a n d ragi in th is regard . Deta i led s tud ies w o u l d
fu r the r unravel t h e potent ia l i t ies o f s o r g h u m .
Nat iona l pol icy w i t h regard to c rop p lann ing
requ i res to be reexam ined and reor ien ted keep ing
in v i e w t h e w a t e r - u s e e c o n o m y and overal l
Food Procurement Policy
I t has been the pract ice in t he coun t ry , du r ing t h e
last decade or so, to announce the p r o c u r e m e n t
and suppor t pr ices for f o o d grains. The p rocure -
m e n t pr ice for s o r g h u m w a s Rs. 740 per t o n n e in
1 9 7 6 / 7 7 and 1 9 7 7 / 7 8 ; i t w a s Rs. 750 in 1 9 7 8 / 7 9
and Rs. 950 in 1 9 7 9 / 8 0 . This w a s raised to Rs.
1050 in 1 9 8 0 / 8 1 . The pr ices are s imi lar for coarse
paddy, bu t t hey are Rs. 1100, 1120, 1150, 1170.
and 1300 per t onne for w h e a t for t h e co r respond -
ing years. Every year, grain is p rocu red to bui ld up
a bu f fe r s tock. The quant i t ies of f o o d gra ins
procured internal ly in d i f fe ren t years are g iven in
Table 3. This s tock is used for d is t r ibu t ion t h r o u g h
fair pr ice shops in urban as w e l l as rural areas. The
stock is also used fo r m e e t i n g t he needs o f t h e
rural peop le in t he years of scarci ty.
Famines and scarc i ty cond i t ions occur m o r e
o f t en in d rought -p rone areas than in t he favorable
areas. I t i s the poor peop le w h o need t h e f o o d
grains in such a r e a s — m a i n l y coarse grains. W h e n
the s tock cons is ts mos t l y o f w h e a t and r ice, i t
b e c o m e s di f f icul t t o m e e t t he d e m a n d fo r m i l le ts .
Super ior grains are cost ly and less susta in ing than
coarse grains. W h e n there i s no o the r w a y bu t t o
m a k e w h e a t available in t he areas w h e r e mi l l e ts
cons t i t u te t he staple d iet , t he p r o b l e m o f m i s u s e
ar ises. To get over all t hese d i f f icu l t ies i t s e e m s
advisable to procure and s tock t h e coarse f o o d
grains also in requi red quant i t ies .
The not ion s ta ted to be prevalent against
p rocu remen t o f coarse grains is w i t h regard to
s to rage qual i ty. I t is be l ieved that ma ize a n d
s o r g h u m grains do not s to re w e l l and are p rone to
at tack by s torage pests . Ragi and o the r sma l l
grains, of course , s tore very w e l l for a long t i m e . I t
is fu r ther a rgued that the re is not m u c h marke t -
able surp lus of maize and s o r g h u m gra ins. I t is
also c o m m o n to c o m e across d is t ress sa les o f
t hese t w o grains in s o m e years and in s o m e par ts
of t he count ry . These grains are s to red all ove r t h e
w o r l d and sh ipped th rough long d is tances , p ro-
v ing that t hey are amenab le to long-durat ion
s torage.
I t w a s es t ima ted by t he NCA that abou t 25
mi l l ion t onnes o f coarse grains w o u l d be requ i red
by 2000 AD to m e e t t he needs o f t h e an ima l
industry . Un less p roduc t ion of mi l le ts is inc reased
by adopt ing sui table measu res i t w i l l be d i f f icu l t to
s tep up the p roduc t ion o f an imal p roduc ts . S ince
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produc t ion and product iv i ty o f var ious f o o d c rops .
S o r g h u m is g r o w n in areas w h e r e t h e rainfal l i s
res t r i c ted to 4 m o n t h s in a year, i.e., J u n e to
Sep tembe r . I t i s on ly in s o m e par ts o f Maha rash -
t ra . Andh ra Pradesh, a n d Karnataka tha t s o m e
rainfal l occurs in O c t o b e r a lso. O n e o f t h e m o s t
cr i t ical fac to rs in t h e g r o w i n g o f s o r g h u m is tha t o f
s o w i n g t h e c rop on t i m e . Earlier s o w i n g s a re
p re fe r red to avo id shoo t f ly d a m a g e a n d t h e r isk o f
d rough t dur ing t h e ma tu r i t y pe r iod . Var ie t ies
g r o w n in d i f f e ren t areas vary ve r y m u c h in
dura t ion . Tradi t ional var ie t ies are s u c h tha t t h e y
usua l ly m a t u r e a f ter t h e cessa t i on o f ra ins.
A t t e m p t s are n o w be ing m a d e t o i n t roduce
hybr ids o r h igh-y ie ld ing var ie t ies o f shor te r du ra -
t i on tha t are su i tab le fo r vary ing rainfal l s i tua t ions .
In t roduc t ion o f hybr ids and var ie t ies w h i c h m a t u r e
ear l ier t han t h e t rad i t ional var ie t ies has b rough t in
t h e p r o b l e m s o f ea rhead p e s t s a n d d i seases s ince
t h e gra in f o r m a t i o n and ma tu r i t y take p lace w h e n
h u m i d i t y i s h igh and t h e rains are e x p e c t e d . The
p r o b l e m o f d r y i ng t h e gra in has a lso c o m e t o t h e
fo re because o f c l oudy w e a t h e r a t tha t t i m e . I t i s
fo r t h e s e reasons tha t t h e p r o d u c e i s b rough t to
t h e ma rke t w h e n st i l l w e t . The re fo re , d i s t ress
sa les are repo r ted to take p lace in s o m e marke t s .
Publ ic sec to r organ izat ions a lso avo id p r o c u r e -
m e n t t o escape f r o m t h e p r o b l e m s o f s to rage .
I t w o u l d be advan tageous in m a n y w a y s to
deve lop and r e c o m m e n d hybr ids o r h igh-y ie ld ing
var ie t ies w h i c h f i t in to t h e rainfal l r h y t h m of a 
p lace rather t han to in t roduce on ly ear ly m a t u r i n g
t y p e s i r respect ive o f t h e dura t ion o f rainfal l .
Gardner (1972) has s ta ted that " M a x i m u m gra in
p roduc t i on can be a t ta ined by b reed ing for a m o r e
l im i ted set o f e n v i r o n m e n t s rather than b reed ing
for ve ry broad adaptabi l i ty . This also has t h e
advan tage o f p ro tec t i on against d isas ters d u e to
d iseases or insec ts w h i c h o f t e n a t tack a spec i f i c
g e n o t y p e . " I t has been universal ly real ized that
m a x i m u m e c o n o m i c y ie lds can be e x p e c t e d on ly
w h e n t h e g r o w t h pat te rn o f t he c rop i s w e l l
adap ted to env i ronmen ta l cond i t i ons .
Research approaches need to be clear ly d e f i n e d
w i t h regard to b reed ing o f var ie t ies fo r d i f fe ren t
agro-c l imat ic reg ions. I f shor t -dura t ion var ie t ies
are in t roduced , measu res w i l l a lso have to be
s u g g e s t e d t o tack le t h e p r o b l e m s tha t g o w i t h
t h e m . A p roper approach shou ld be f o r m u l a t e d
a n d i m p l e m e n t e d a t research as w e l l as a t
d e v e l o p m e n t levels in th is regard .
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Need for Suitable Genotypes
for Different Regions Need for increased Attention
to Rabi Jowar 
In Andhra Pradesh, Maharash t ra , and Karnataka,
rabi jowar is va lued m o s t . The pr ices of rabi jowar 
are usual ly h igher than t h o s e fo r o the r k inds. The
p r o b l e m s of raising rabi jowar are on t h e increase
because o f cons iderab le soi l e ros ion tak ing p lace.
The soi ls are g e t t i n g less and less re ten t i ve
because o f t he w a s h i n g a w a y o f t h e t o p soi l a n d
t h e y are b e c o m i n g m o r e d rough t p rone . The
p r o b l e m s conce rn ing t h e d e v e l o p m e n t and re-
lease of su i tab le var ie t ies or hybr ids , soi l and
w a t e r conserva t ion , soi l fer t i l i ty m a n a g e m e n t ,
e tc . . are t h e m o s t impor tan t ones . Cer ta in p e s t s
a n d d iseases are a lso a s s u m i n g a ser ious magn i -
t u d e . Research p r o g r a m s n e e d t o be in tens i f ied
Table 3. Internal procurement of various food
grains (in million tonnes) in India.
Other grains
including
Year Wheat Rice sorghum
1968 2.373 3.373 1.059
1969 2.417 3.581 0.383
1970 3.183 3.043 0.488
1971 5.058 3.462 0.307
1972 5.024 2.550 0.091
1973 4.531 3.462 0.431
1974 1.885 3.482 0.228
1975 4.098 5 0 4 2 0.423
1976 6.618 .5.999 0.232
1977 5.171 4.642 0.147
Source: Bulletin of food statistics, 1978. Directorate of Econo-
mics and Statistics. Ministry of Agriculture and Irriga-
tion. Government of India. 37 pp.
t h e r e has b e e n a w o r l d w i d e d e m a n d fo r coarse
gra ins as f e e d fo r an ima ls , t h e r e w o u l d be s c o p e
for expor t i ng t h e surp lus p roduc t i on o f t h e s e
gra ins.
There i s n e e d fo r conv inc ing data t o s h o w h o w
a n d w h y i t i s advan tageous to inc rease t h e
p roduc t ion o f m i l l e ts a n d a lso to p rocu re and s tock
t h e s a m e in large quant i t ies . Research shou ld be
in tens i f i ed in th i s regard a n d data m a d e avai lable
t o pol icy m a k e r s t o enab le t h e m t o take p roper
dec is ions and i m p l e m e n t t h e m .
Consolidation of Land Holdings
I t is poss ib le to stabi l ize as w e l l as to increase the
y ie lds o f s o r g h u m on ly w h e n the s t ruc tu re o f land
ho ld ings in t h e coun t ry is imp roved . Due to
var ious h is tor ica l reasons, ho ld ings have been
d iv ided , subd iv ided , and f r a g m e n t e d to such an
e x t e n t tha t i t is pract ical ly imposs ib le to adopt any
soi l and w a t e r conserva t ion m e a s u r e based on
con tou rs . Con tou r cu l t iva t ion i s imposs ib le w h e n
t h e ho ld ings are na r row str ips w h i c h run up and
d o w n t h e s lope. W i t h such a land ho ld ing st ruc-
tu re , i t is d i f f icu l t to lay ou t t h e land for be t te r soi l
and w a t e r conserva t ion o r to cons t ruc t f a rm
p o n d s for harves t ing and s to r ing w a t e r to be used
for s u p p l e m e n t a r y i rr igat ion at cr i t ical s tages.
N o n e o f t h e r e c o m m e n d a t i o n s per ta in ing to soi l
and w a t e r conserva t ion excep t con tou r bund ing i s
be ing p rac t i ced . Con tour bund ing is also taken up
by invok ing the prov is ions under land improve-
m e n t ac ts enac ted by d i f fe ren t s ta tes , but not by
indiv idual f a rmers . I t is s h o w n that con tou r bund -
ing is no t e f f ec t i ve e n o u g h un less o the r cul tural
and manur ia l pract ices are adop ted . I t has also
been o b s e r v e d that for var ious reasons, s t ruc-
tu res are no t be ing ma in ta ined proper ly . The on ly
so lu t ion to th is p r o b l e m appears to be to conso l i -
da te t h e ho ld ings in such a w a y that i t w o u l d
fac i l i ta te adop t ion o f t he r e c o m m e n d e d soil and
w a t e r conserva t ion measu res . Un less t h e s e mea -
su res are a d o p t e d t o t h e m a x i m u m ex ten t poss i -
b le, i t is no t go ing to be easy to increase
agr icu l tura l p roduc t ion in t he ra infed areas b e y o n d
a cer ta in l imi t . I f no th ing is d o n e in th is regard as
ear ly as poss ib le , t h e chances o f reta in ing t h e
ex is t ing t o p soi l , w h i c h i s t he capital o f t h e d ry
land fa rmer , w i l l f u r the r d im in i sh . I t is a l ready late
e n o u g h and i f t he avai lable chance is also lost , i t
w o u l d be as g o o d as los ing eternal ly all hopes o f
d e v e l o p m e n t of t h e semi-ar id t rac ts . I t is t he re fo re
necessary to f o r m u l a t e a po l icy w i t h regard to t h e
conso l ida t ion o f ho ld ings and i m p l e m e n t i t in t h e
sho r tes t poss ib le t i m e .
and laid out in a sui table manner to ge t ful l bene f i t
f r o m the w a t e r rece ived th rough rain. The ob jec-
t ive has to be to s tore as m u c h rain w a t e r as
possib le underg round , in ponds and in t h e soi l
prof i le. I t is also necessary to carry ou t all t h e
cul tural operat ions on t ime . The t i m e avai lable for
these operat ions is very short . I f the f e w avai lable
chances are m i ssed , the year is as g o o d as lost .
There may be only one chance in s o m e years .
S o w i n g also has to be c o m p l e t e d in a very shor t
per iod. This cannot be d o n e un less suf f ic ient
p o w e r is available e i ther in t he f o r m of an imals or
mach ines . Similarly, there w i l l have to be su i tab le
i m p l e m e n t s for carry ing ou t t hese opera t ions
ef f ic ient ly .
I t may be of in terest to no te tha t i t is mos t l y in
the semi-ar id and s u b h u m i d t rac ts in India tha t
the re are g o o d and vary ing t ypes o f i m p l e m e n t s
for carry ing ou t cultural operat ions. O n e w o u l d
c o m e across d i f fe rent k inds o f p l o w s , ha r rows ,
dri l ls, in tercul tur ing imp lemen ts , land- level ing i m -
p lemen ts , etc. , show ing that t he fa rmers in t h e s e
tracts have realized the impor tance of g o o d
i m p l e m e n t s . W h a t is needed in t he fu tu re , h o w e v -
er, is to bui ld up an organizat ion for m a k i n g
available bet ter mach ines and i m p l e m e n t s fo r land
d e v e l o p m e n t as we l l as for carry ing on o ther f ie ld
operat ions. S ow ing is a crit ical opera t ion and t h e
t i m e available for i t is very l im i ted . I t is for th is
operat ion that m a x i m u m at ten t ion is requi red to
be paid. M o r e research and d e v e l o p m e n t e f fo r ts
are needed in th is regard.
Policy dec is ions have to be taken at var ious
levels keep ing in v i e w the need and scope fo r
bui ld ing an in f rast ructure not on ly fo r carry ing o u t
research on mach ines , i m p l e m e n t s and too ls , bu t
also for mak ing available, on a hire basis or on a 
c u s t o m serv ices basis, t he mach ines and imp le -
m e n t s requi red for level ing land and for carry ing
ou t var ious agricul tural opera t ions so tha t t h e s e
operat ions may be c o m p l e t e d in t ime .
In summary , i t is necessary to s t ress t he n e e d
for a reexaminat ion of t he pol ic ies pu rsued up ti l l
n o w insofar as so rghum is conce rned and to
mod i f y and reor ient t h e m in such a w a y tha t t h e y
w o u l d encourage product ion o f mi l le ts and sor-
g h u m thus improv ing t h e overal l p roduc t iv i t y as
w e l l as p roduc t ion o f f o o d and an imal p roduc ts in
t h e count ry .
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Availability of Power and Implements
S e e d P r o d u c t i o n a n d S u p p l y
Every var ie ty of a c rop is e n d o w e d w i t h a cer ta in
The p r o b l e m c lose ly c o n n e c t e d w i t h land deve lop -
m e n t is tha t o f p o w e r avai labi l i ty fo r f a rm ing in
ra in fed areas. The land is requ i red to be leve led
urgen t l y to tack le t h e p r o b l e m s of rabi jowar. I t
w o u l d be poss ib le t o do so only by s t reng then ing
t h e organ izat ions a t t h e s ta te level .
Historical
N e w crops and var ie t ies have b e e n r e c o m -
m e n d e d fo r genera l cu l t i va t ion fo r m a n y yea rs .
W h e n e v e r n e w c rops o r n e w var ie t ies w e r e
in t roduced or d e v e l o p e d as a resul t of research ,
a t t e m p t s w e r e m a d e t o p roduce and d is t r i bu te
seeds o f such var ie t ies t h rough t h e channe ls
avai lable and to t he ex ten t poss ib le under t h e
prevai l ing c i r cums tances .
I t has been s h o w n that t he use o f i m p r o v e d
s e e d is one o f t h e cheapes t m e t h o d s o f increas-
ing p roduc t ion w h i c h main ly n e e d e d organizat ion-
a l e f fo r t s . Cons iderab le emphas i s has been laid on
th is p rog ram as a part of t he overal l nat ional p lan
for agr icul tural d e v e l o p m e n t dur ing t he p lann ing
era s tar t ing f r o m 1950. A n u m b e r o f seed f a r m s
w e r e s ta r ted for t h e p roduc t ion o f f ounda t i on
s e e d s and a n u m b e r o f f a rme rs w e r e enro l led and
reg is te red as s e e d g r o w e r s fo r p roduc t ion and
supp ly o f cer t i f ied seeds , w i t h t h e ma in ob jec t i ve
o f m a k i n g e v e r y ta luk in t h e c o u n t r y sel f-
su f f i c ien t .
W i t h t h e re lease o f n e w hybr ids and h igh-
y ie ld ing var ie t ies in t h e coun t r y in t h e 1960s, t h e
p r o g r a m a s s u m e d an a l toge ther d i f f e ren t d i m e n -
s ion and concep t i on . The f i rs t s e e d t es t i ng labora-
to r y w a s es tab l i shed in 1 9 6 1 . The Nat ional Seeds
Corpora t ion (NSC) w a s se t up in 1963. The Seed
A c t w a s passed i n 1966 and t h e Seed R e v i e w
T e a m (SRT) gave i ts repor t i n 1968 in w h i c h i t
m a d e r e c o m m e n d a t i o n s keep ing i n v i e w t h e n e e d
fo r a s t r ong s e e d indus t ry in t h e coun t ry . In t h e
init ial s tages , t he s e e d indus t ry m a d e t r e m e n d o u s
p r o g r e s s — c o n s i d e r e d as of a k ind unpara l le led in
t h e w o r l d — i n a shor t per iod . Doug las (1972)
analyzed t h e s i tua t ion as i t ex i s t ed in t h e beg in -
n ing o f t h e 1970s and m a d e impor tan t and
re levant sugges t i ons fo r t h e d e v e l o p m e n t o f t h e
s e e d indus t ry i n t h e coun t ry w i t h specia l refer-
e n c e t o s o r g h u m . The pos i t ion w a s analyzed i n
d e p t h b y t h e N C A a n d t h e f ind ings and r e c o m -
m e n d a t i o n s can be f o u n d in i ts i n te r im repor t
(1972) as w e l l as in t h e f inal repor t (1976c) .
Present Position
The seed indus t ry has been bui l t up to a cer ta in
e x t e n t du r ing t h e last 15 years . The ques t i on n o w
is w h e t h e r t he ex is t ing in f ras t ruc tu re is su f f i c ien t
to p roduce and supp ly t h e n e e d e d quant i t ies o f
s e e d o f t h e appropr ia te qual i ty . The s o r g h u m s e e d
r e q u i r e m e n t s in 1985 and 2 0 0 0 AD as p ro jec ted
by the N C A are g iven in Table 5. I t m u s t be said
tha t as far as p roduc t ion of seed is conce rned ,
t h e r e is no dear th o f f a r m e r s w h o are capable o f
p roduc ing the n e e d e d quan t i t y o f seed . A g o o d
n u m b e r o f f a rme rs have b e e n t ra ined , w h i l e m a n y
m o r e can be t ra ined in a shor t per iod . I t has b e e n
success fu l l y s h o w n that f a rme rs in India, a l t hough
i l l i terate, have the capac i ty to absorb t echno logy
conce rn ing seed p roduc t ion and to de l iver any
quan t i t y o f cer t i f ied s e e d under an a g r e e m e n t
w i t h an agency . The p r o b l e m , h o w e v e r , i s in
organ iz ing a large n u m b e r of f a rme rs in d i f fe ren t
par ts o f t h e coun t ry and in mo t i va t i ng t h e m to
Table 4. Area (in million ha) under sorghum hybrids.
Year Area Year Area
1966/67 0.19 1973/74 1.10
1967/68 0.60 1974/75 1.31
1968/69 0.70 1975/76 2.19
1969/70 0.56 1976/77 2.37
1970/71 0.80 1977/78 3.10
1971/72 0.69 1978/79 3.10
1972/73 0.87 1979/80 3.00
Source: Unpublished data f rom the Planning Commission,
Government of India, New Delhi.
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inherent p roduc t ion potent ia l i ty . The l imi t can be
reached by adop t ing r e c o m m e n d e d p roduc t i on
techno logy , p rov ided t h e s e e d is o f t h e r ight
var ie ty and of t he r ight qual i ty . I t has, t he re fo re ,
been appropr ia te ly said tha t i t i s t h e s e e d tha t se t s
t h e l imit o f p roduc t i on . The impo r tance o f t h e
s e e d in increas ing agr icu l tura l p roduc t i on has
been recogn ized s ince long ago .
In tens ive e f fo r t s t o popular ize s o r g h u m hybr ids
began in 1 9 6 6 / 6 7 . Progress ach ieved can be s e e n
f r o m Table 4 . The area cove red i n 1979 w a s abou t
1 5 % . Coverage has been be t te r in Maharash t ra
a n d Karnataka bu t on ly in t he kharif season . The
avai lable hybr ids and var ie t ies have been f o u n d to
be su i tab le to cond i t i ons prevai l ing in t h e m o n t h s
of s u m m e r and kharif seasons . The o p t i m u m
per iod fo r s o w i n g has been o b s e r v e d to be f r o m
February t o June . A t t e m p t s m a d e so far t o
deve lop su i tab le hybr ids and var ie t ies fo r t he rabi 
season have jus t resu l ted in t h e re lease of a f e w
var ie t ies su i t ed t o s o m e areas on ly a n d t h e y are
ye t t o b e c o m e popular.
T a b l e 5 . P r o j e c t e d a r e a ( in m i l l i o n h a ) a n d p r o d u c t i o n ( i n m i l l i o n t o n n e s ) o f s o r g h u m w e d i n t h e d i f f e r e n t
s t a t e s . D a t a i n p a r e n t h e s e s a re i n h a a n d t o n n e s .
1985 2 0 0 0
Hyb r i ds Var ie t ies Hyb r ids Va r i e t i es
A r e a Prodn Area Prodn A r e a Prodn . A r e a P r o d n .
To ta l a rea u n d e r
h y b r i d s o r
i m p r o v e d va r i e t i es
3 .88 3 .88 — 11.34 — 5.66 —
B r e e d e r s e e d (A) (2.6) (2.6) (5.99) (3.1) (2.5) (3.6) (2.8) (2.1)
F o u n d a t i o n s e e d (B) (316.0) (312.8) (382.6) (198.1) (443.0) (633.5) (267.6) (200.7)
C e r t i f i e d S e e d (C) (39191.9 ) (38800.0) (24871.7) (12933.3) (79300.7) (113400.0 ) (25155.6 ) (18886 .7 )
To ta l s e e d ( A + B + C ) ( 3 9 5 1 0 5) (39115.4) (25260.2 ) (13135.3) (79746.2) (114037.1 ) (25426.0 ) (19069 .5 )
S o u r c e : F ina l R e p o r t o f N C A , Par t X : C h a p t e r 4 7 : 4 3 - 4 6 .
p roduce seed o f g o o d qual i ty. The s e e d p roduced
by t h e m has to be t aken over , p rocessed , and
m a r k e t e d .
As e s t i m a t e d by t h e NSC, t he to ta l seed-
p rocess ing capaci ty for all seeds pu t t oge the r is
a b o u t 3 0 0 0 0 0 tonnes only. State corpora t ions ,
coopera t i ve organizat ions and pr ivate agenc ies
dea l in s e e d . These agenc ies en te r in to a con t rac t
w i t h s e e d g r o w e r s o n mutua l l y ag reed t e r m s . The
s e e d t hus p rocu red is p rocessed and m a r k e t e d by
t h e seed agenc ies . G o v e r n m e n t organizat ions,
h o w e v e r , have w i t h d r a w n f r o m d i rec t s e e d bus i -
ness in m a n y s ta tes .
ICAR ins t i tu tes and agr icul tural un ivers i t ies
have the respons ib i l i ty for t h e p roduc t ion and
supp l y o f t h e requ i red quan t i t y o f b reeders ' seed .
The NSC con t i nues to act as t he nat ional agency
for f ounda t i on seed and also ac ts as a coord inator
of t h e seed p rog ram in t he coun t ry . A Nat ional
Seed Program has been launched to s t r eng then
t h e faci l i t ies o f b reede rs ' s e e d and founda t i on
s e e d agenc ies in t h e coun t ry . A l l t h e agr icul tural
un ivers i t ies are be ing invo lved in t he p rog ram,
w i t h t h e s e un ivers i t ies be ing respons ib le for t h e
p roduc t i on o f b reede rs ' s e e d a n d founda t i on s e e d
fo r supp ly t o t h e NSC.
Var ious organizat ions fo r handl ing t h e seed
bus iness w i l l have to be cons is ten t l y and sys te -
mat ica l l y bui l t up i n o rder to m e e t t h e increas ing
needs o f t h e coun t ry . This w i l l be poss ib le on ly i f
The genera l rule has been to re lease t h e var ie t ies
f i rst and then gradual ly in t roduce hybr ids. But , in
India, a n e w techno logy based on CSH-1 hybr id
c a m e in to be ing in the midd le of t he 1960s. Later,
" S w a r n a " , a high-yielding var iety w a s re leased.
So far, e igh t hybr ids and seven var ie t ies of
s o r g h u m have been re leased th rough the Al l India
Coord ina ted Research Project (Rao 1980). A f e w
hybr ids have also been re leased by pr ivate f i r m s .
None of t he var iet ies has b e c o m e as popular as
the hybr ids. One o f the impor tan t issues tha t
requires carefu l cons iderat ion is w i t h regard to t h e
pol icy of releasing hybr ids and var ie t ies.
The seed bus iness has been largely c o n c e n -
t ra ted in hybr ids s ince there is a cer ta in ty of sale,
as w e l l as m o n e y in it. A be t te r marg in of p ro f i t
can be expec ted in t he case o f hybr id seeds , bu t
no t w i t h var ie t ies. The hybr id s e e d has to be
purchased every year; t he fa rmer canno t re ta in
his o w n seed . This g ives a cer ta in a m o u n t o f
assurance as far as t he sale of hybr id seeds is
conce rned . In t he case of var ie t ies, s ince t h e
fa rmer can retain his o w n seed , t he re canno t be
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appropr ia te po l ic ies are f o r m u l a t e d and i m -
p l e m e n t e d at t he nat ional as w e l l as t he s ta te
levels.
Policy with Regard to
Release of Varieties
—
any s u c h cer ta in ty . Un less t h e r e i s an assurance
of an a t t rac t ive tu rnover , i t w i l l be d i f f i cu l t to
at t rac t en t rep reneu rs in t h e indus t ry . Even t h e
g o v e r n m e n t - s p o n s o r e d coopera t i ves o r co rpora -
t i ons cannot surv ive w h e n t h e t u rnove r i s no t
assu red a t an o p t i m u m level . I f t h e f a r m e r is
t e m p t e d t o keep his o w n s e e d w h e n var ie t ies are
re leased sudden ly , t h e n t h e bus iness in hybr ids i s
l ikely t o s l u m p d o w n and i t m a y take years t o bu i ld
up t h e t rade again w h e n hybr ids t ha t are b e t t e r
t h a n t h e var ie t ies are d e v e l o p e d a n d re leased .
I t has been s h o w n tha t hybr ids are be t t e r t h a n
t h e var ie t ies i n m a n y respec t s s u c h as y ie ld ,
qual i ty o f p roduce , to le rance to s t ress cond i t i ons ,
e tc . Hybr ids a lso p rov ide inc reased e m p l o y m e n t
oppor tun i t i es i n t h e act iv i t ies c o n n e c t e d w i t h
s e e d p r o d u c t i o n , p r o c e s s i n g , a n d m a r k e t i n g .
Var ie t ies have cer ta in advan tages too . He re t h e
f a r m e r can reta in his o w n s e e d . Th is i s t h e m a i n
advan tage and as a resu l t t h e sp read of a var ie ty
can be e x p e c t e d to be m u c h fas te r t h a n tha t o f a 
hybr id . A n o t h e r advan tage c l a i m e d i s t ha t t h e
s e e d cos t i s l o w as c o m p a r e d w i t h hybr ids . I t has
a lso been e x p r e s s e d tha t t i m e l y avai labi l i ty o f
hybr id s e e d s canno t be e n s u r e d because o f
p r o b l e m s per ta in ing t o t h e ope ra t i on o f c o m m e r -
cial t rade channe ls . I t has no t h o w e v e r b e e n
real ized tha t t h e cos t o f t h e s e e d is on ly a sma l l
f rac t ion o f t h e to ta l cos t in ra is ing t h e c rop and
the re fo re , w h a t m a t t e r s i s t h e ex t ra y ie ld o n e g e t s
by us ing hybr id s e e d s ove r t h e o t h e r t ypes . I t i s
w r o n g t o say t ha t t h e f a r m e r s are unab le t o pay
fo r t h e s e e d . T h e f a r m e r s i n India have d e m o n -
s t ra ted tha t t h e y w o u l d b e p repa red t o s p e n d o n
seeds i f t h e y are assu red o f t i m e l y avai labi l i ty and
increased re tu rns . O n c e t h e in f ras t ruc tu re i s bui l t
up , i t shou ld no t be d i f f i cu l t t o m a k e t h e s e e d
avai lable i n t h e p laces w h e r e t h e y are requ i red
and a t t h e r ight t i m e .
Tak ing all t h e s e fac to rs in to cons ide ra t i on t h e r e
is an u rgen t n e e d to crysta l l ize t h i nk ing a b o u t
t h e s e i ssues , evo l ve a po l icy a n d i m p l e m e n t i t
sc rupu lous ly s o t h a t p rope r i ncen t i ves c o u l d b e
m a d e avai lable fo r t h e d e v e l o p m e n t o f s e e d
indust ry .
ce r t i f i ed s e e d as aga inst any o the r s e e d c o m m o n -
l y avai lable w i t h f a rme rs , are no t m a n y . Such t e s t s
w i l l a lso serve as d e m o n s t r a t i o n s . Suf f i c ien t data
are requ i red to be bui l t up , ana lyzed, and pre-
s e n t e d t o t h e ex tens ion w o r k e r s by researchers ,
a n d b y ex tens ion w o r k e r s t o t h e f a rme rs . The
s e e d indus t ry i s a lso requ i red to play i ts o w n ro le
in th is regard . Creat ion o f an a w a r e n e s s regard ing
t h e advan tage o f us ing qual i ty s e e d is an impor -
t an t fac to r in bu i ld ing a s t r o n g s e e d bus iness .
Areas and Seasons for
Seed Production
Seed p roduc t i on canno t b e e x p e c t e d t o b e ve r y
success fu l in all areas and in all seasons . In
genera l , d ry and i r r igated areas and o f f - seasons
are p re fe rab le fo r var ious reasons . Such areas and
seasons shou ld be m a r k e d ou t a n d appropr ia te
s e e d p roduc t ion t echno logy f o r m u l a t e d and advo-
c a t e d fo r adop t ion by f a rme rs . I t i s on ly t h e n that
t h e level o f p roduc t i v i t y o f t h e s e e d c rop w o u l d
i m p r o v e and t h e cos t o f t he seed w o u l d c o m e
d o w n . The un favorab le areas w o u l d u l t ima te ly ge t
e l im ina ted . Ef f ic ient s e e d p roduce rs in areas
w h i c h are m o r e favorable w i l l r ema in in t h e
bus iness .
There i s increas ing ev idence to s h o w tha t t h e r e
is an u rgen t n e e d for car ry ing ou t research to
d e m a r c a t e areas and seasons fo r s e e d p roduc-
t i o n . The seed agenc ies inc lud ing f a r m e r s are
c o m i n g to the i r o w n conc lus ions by a hi t and m i s s
m e t h o d a t heavy cos t . Such cos t l y exe rc i ses can
be avo ided i f research is car r ied ou t in th is regard
a n d su i tab le r e c o m m e n d a t i o n s m a d e fo r t h e u s e
o f t h o s e i n te res ted and invo lved in t h e s e e d
bus iness , inc lud ing s e e d p roduce rs . Research
e f fo r t s in th is d i rec t ion are requ i red to be s t e p p e d
u p immed ia te l y .
Problems in General
A n u m b e r o f p r o b l e m s have c o m e to t h e su r face
in recen t years , w h i c h are requ i red to be so l ved .
N e w p r o b l e m s are l ikely t o ar ise i n f u t u r e . T h e y
w i l l have to be iden t i f ied in advance i f poss ib le ,
a n d r e m e d i e s s u g g e s t e d . The p r o b l e m s re la te t o
qua l i t y con t ro l , t ranspor t bo t t l enecks , avai labi l i ty
o f c red i t , unhea l thy c o m p e t i t i o n , f o recas t i ng s e e d
r e q u i r e m e n t , p r o c e s s i n g , packag ing , s t o rage ,
s e e d c rop insurance, e tc . A n u m b e r o f r e c o m m e n -
da t ions a n d sugges t i ons are avai lable in t h e repor t
o f t h e SRT (1968) and in t h e in te r im and f ina l
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Extension Effort
As s ta ted earl ier, s e e d is an i m p o r t a n t input .
A w a r e n e s s has t o be b rough t abou t i n t h e m i n d s
o f f a r m e r s tha t i t pays to u s e s e e d o f g o o d qual i ty .
Ex tens ion e f fo r t s in th is regard have no t b e e n
suf f i c ien t . T e s t s on f a r m e r s ' f ie lds us ing t h e
repor ts o f t h e N C A (1972 ; 1976c) . These shou ld
b e r e v i e w e d and appropr ia te ac t ion t aken f r o m
t i m e t o t i m e .
Fert i l izers c o n s t i t u t e t h e key input fo r s t epp ing up
agr icu l tura l p roduc t i on . T h e y have p layed an i m -
po r tan t role in s t imu la t i ng p roduc t i on all ove r t h e
w o r l d . In India t oo , a s imi lar impac t is ev iden t in
recen t years . I t is of specia l s ign i f i cance to India in
v i e w o f t h e l o w land : m a n rat io w h i c h i s e x p e c t e d
to be on ly 0 .15 ha by t h e e n d o f t h e cen tu ry .
Fert i l izer c o n s u m p t i o n has inc reased f r o m 0 .34
mi l l i on t o n n e s in 1961 / 6 2 to 2 .84 mi l l ion t o n n e s in
1 9 7 3 / 7 4 (NCA 1976d) . Provis ional ly, fer t i l izer c o n -
s u m p t i o n dur ing 1 9 8 0 / 8 1 i s p laced by t h e Gove rn -
m e n t o f India (1981) a t t h e leve l o f 5 .58 mi l l ion
t o n n e s .
Potential and Effective Demands
Data on c r o p w i s e use o f fer t i l izers is no t easi ly
avai lable. D e m a n d s tud ies have been carr ied ou t
i n t h e coun t r y s ince 1965 w h e n n e w techno logy
based on h igh-y ie ld ing var ie t ies w a s in t roduced .
C o m p r e h e n s i v e s tud ies in th is regard w e r e car-
r ied ou t by t h e N C A (1976d). Recen t s tud ies are
t h o s e carr ied ou t by t h e Nat ional Counci l o f
App l i ed Economic Research (NCAER). Es t ima tes
m a d e b y t h e NCAER for 1 9 7 7 / 7 8 a n d 1 9 8 6 / 8 7
are g iven in Table 6.
Potent ia l d e m a n d indicates techn ica l poss ib i l i -
t i es and t h e es t ima te i s based on t h e r e c o m -
m e n d e d rates. Potent ia l d e m a n d i s t he re fo re t h e
upper l imi t of fert i l izer use for a part icular c rop .
Ef fec t ive d e m a n d on the o the r hand i s based on
t h e rates actual ly used and probable changes tha t
m a y occur as a resul t of changes in t h e fac to rs of
d e m a n d . The actual use, h o w e v e r , i s a l w a y s
l o w e r d u e to var ious reasons. The s tud ies on
e f fec t i ve d e m a n d a im a t k n o w i n g t h e p robab le
u s e in advance to enab le real ist ic p lann ing fo r
p roduc t ion and supply o f fer t i l izers.
I t i s seen f r o m t h e repor t (NCAER 1979) tha t t h e
potent ia l d e m a n d i s about t h ree t i m e s t h e e f fec -
t i ve d e m a n d in case o f s o r g h u m a l though for all
c rops , t h e rat io i s about t w o to one . Th is g ives an
indicat ion that t he e f fec t i ve d e m a n d fo r fer t i l izer
as far as s o r g h u m is concerned is s l o w in bu i ld ing
up. This is re f lec ted in t he share of fer t i l izers fo r
s o r g h u m in t he all-India d e m a n d for all c rops . I t is
jus t 1 .63% w h i l e t he g ross c ropped area under
s o r g h u m is about 1 0 % of t he to ta l c r o p p e d area in
t h e count ry . The share in potent ia l d e m a n d is
3 1 5 600 tonnes ou t o f an all-India to ta l o f 15.611
mi l l ion t onnes , i.e., about 2% o f t h e to ta l . Even
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T a b l e 6 . P r o j e c t e d a f f e c t i v e a n d p o t e n t i a l d e m a n d s ( in t h o u s a n d t o n n e s ) o f f e r t i l i ze rs f o r 1 9 7 7 / 7 8 a n d
1 9 8 6 / 8 7 .
1 9 7 7 / 7 8 1 9 8 6 / 8 7
N u t r i e n t S o r g h u m Al l c r o p s S o r g h u m Al l c r o p s
E f f e c t i v e
N
P2O5
K2O
N P K
Po ten t i a l
N
P2O5
K2O
N P K
d e m a n d
d e m a n d
4 0 . 1
9 .0
6 .0
55 .1
8 0 6 
4 2 . 4
3 2 . 9
155 .9
2 5 4 1 . 4
7 6 0 . 4
3 6 7 . 0
3 6 6 8 . 8
4 3 1 5 . 6
2 0 9 4 . 2
1681 .9
8 0 9 1 . 5
75 .8
19.9
15.3
111 .0
162 .2
8 4 . 8
6 8 . 6
3 1 5 . 6
4 3 8 9 . 5
2 0 0 4 . 6
1 4 0 0 . 3
7 7 9 4 . 4
8 2 8 1 . 2
4 0 3 3 . 4
3 2 9 6 . 4
1 5 6 1 1 . 0
S o u r c e : N C A E R 1 9 7 9 . P a g e s 4 2 - 4 5 i n P r o j e c t i o n o f f e r t i l i s e r d e m a n d .
Use and Supply of Fertilizers
t h e share in t h e to ta l po ten t ia l d e m a n d i s l o w
indicat ing that t h e r e c o m m e n d e d dosages a lso
are l o w as c o m p a r e d w i t h o the r c rops .
C ropw ise es t ima tes o f e f f ec t i ve d e m a n d for
1 9 7 7 / 7 8 and 1 9 8 6 / 8 7 have been m a d e b y t h e
NCAER. The e f f ec t i ve d e m a n d s fo r s o r g h u m fo r
1 9 7 7 / 7 8 and 1 9 8 6 / 8 7 have b e e n e s t i m a t e d t o b e
55 100 and 1 1 1 0 0 0 t o n n e s o f NPK w h i c h i s
1 .50% and 1 .42% o f t he to ta l d e m a n d for t h e
conce rned years . The pe rcen t share o f t h e all-
India d e m a n d is 1.56 and 1.72 for N, 1.18 and 1.00
for P and 1.63 and 1.09 for K for 1 9 7 7 / 7 8 and
1 9 8 6 / 8 7 , respect ive ly . Potent ia l d e m a n d for to ta l
NPK fo r s o r g h u m is e s t i m a t e d to be 155 0 0 0 and
3 1 5 600 t o n n e s .
I t is bu t natural to expec t such a s i tua t ion
because t h e area under i r r igated s o r g h u m is
e s t i m a t e d to be 2.2 m i l l i on /ha in 1 9 8 6 / 8 7 ou t o f
t h e to ta l p ro jec ted area under s o r g h u m o f abou t
18.2 mi l l ion ha, a l though t h e area rece iv ing
adequa te rainfal l is ind ica ted as 9.3 m i l l i o n / h a
leav ing abou t 7 mi l l ion ha in l o w rainfal l zones
(NCAER 1979).
There are severa l cons t ra in ts to us ing fer t i l izers
in India. The s tudy has b rough t ou t tha t less than
half o f t he f a r m i n g househo lds in India (45%)
actual ly used fer t i l izers in t h e m idd le o f t h e 1970s.
Percen tages vary f r o m abou t 92 in Punjab to 6.5 in
A s s a m . The en t i re area o w n e d by users w a s a lso
no t fer t i l ized. On ly 3 0 % o f t h e areas w a s fer t i l ized
a l though i t w a s as h igh as 76 and 7 2 % in Punjab
and Kerala, respect ive ly , and as l o w as 3 to 4% in
A s s a m . T h e m a i n reason g i v e n by t h e n o n u s e r s i s
n o n a v a i l a b i l i t y o f i r r i ga t i on f ac i l i t i e s ( 4 8 % ) .
A n o t h e r reason is s ta ted to be nonavai labi l i ty o f
cred i t (17 .5%) . I t i s h o w e v e r gra t i fy ing to no te tha t
on ly 1 0 . 8 % o f t h e nonuse rs have s ta ted tha t t h e y
are not a w a r e o f fer t i l izers and ano the r 1 0 % have
cons ide red fer t i l izers to be ha rm fu l to so i l . The
rema in ing 1 3 . 8 % have g iven s o m e o the r reasons.
A n o t h e r impor tan t f ind ing i s tha t t h e ma jo r i t y o f
nonusers have been smal l ho lders hav ing less
than .1 ha (46 .3%) . 1 - 2 ha (25 .3%) , and 2 - 4 ha
(16 .4%) .
This s t u d y has clear ly s h o w n tha t fer t i l izer
c o n s u m p t i o n is, to a very g rea t ex ten t , l im i ted to
i r r igated areas and that sma l l ho lders are no t u s i n g
fert i l izers ma in ly because o f t h e nonavai labi l i ty o f
credi t . I t can be in fer red f r o m t h e s e conc lus ions
w h y t h e use o f fer t i l izers i s no t popular w i t h
s o r g h u m g r o w e r s . I t is because s o r g h u m is
main ly a ra in fed c rop and ano the r p robab le reason
is t h e nonavai labi l i ty of cred i t .
Cost Benefit Ratio
The cos t -benef i t rat io is an index o f t h e e c o n o m i c
feasib i l i ty of a p ropos i t i on . The phys ica l re tu rns
and g ross f inancial re tu rns f r o m s o r g h u m as
c o m p a r e d w i t h paddy and w h e a t (FAI 1980),
w o r k e d ou t on t he basis o f fer t i l izer pr ices in J u n e
1980, are g iven in Table 7. The rat io is o b s e r v e d to
be less favorable in t he case of s o r g h u m . I t is on ly
in t h e case o f po tash that t he g ross f inancial
re tu rn on every rupee spen t on fer t i l izer i s m o r e
favorab le than in t h e case o f w h e a t and paddy.
There are m a n y o the r fac to rs w h i c h a f fec t fert i l iz-
er use levels. The impor tan t o n e is tha t o f r isks
invo lved in us ing fer t i l izers. The r isks invo lved are
greater in t h e case of s o r g h u m as i t is m o s t l y a 
ra in fed c rop and i t is also p rone to a n u m b e r of
d iseases and pes ts , especia l ly w h e n t h e c rop i s
s o w n ou t o f season.
The nonavai labi l i ty of fer t i l izers and credi t ,on
t i m e w e i g h heavi ly against t he use o f fer t i l izers on
s o r g h u m . In dry areas, fert i l izer d is t r ibu t ion c e n -
te rs are f e w e r and f inanc ing ins t i tu t ions are a lso
f e w e r and weake r . Cor rec t ive m e a s u r e s requ i red
to be t a k e n are t h o s e conce rn ing t h e t ime l y
supp ly o f fer t i l izers by open ing m o r e d is t r ibu t ion
cen te rs and t h e easy and t i m e l y avai labi l i ty o f
c red i t . In add i t ion , t echno logy is requ i red to be
i m p r o v e d fu r the r to ge t a be t te r r esponse to
fer t i l izers by br ing ing abou t i m p r o v e m e n t in t h e
t i m e and m e t h o d o f app l ica t ion, and w i t h regard t o
soi l and w a t e r conserva t ion m e a s u r e s . T ime ly
avai labi l i ty can be i m p r o v e d great ly by appo in t i ng
a f e w fa rmers as par t - t ime d is t r ibu to rs in eve ry
vi l lage and by s tock ing fer t i l izers nearer to t h e
c o n s u m i n g c e n t e r s . R e c o m m e n d a t i o n s have
b e e n m a d e in th is regard on a n u m b e r o f
occas ions dur ing t h e last 20 years . Even t h e n
a t ten t i on paid to t h e s e aspec ts canno t be said to
be suf f ic ient .
The re is cons iderab le scope fo r i m p r o v i n g
fert i l izer use e f f i c iency by us ing appropr ia te imp le -
m e n t s t o p lace t h e fer t i l izers. S imp le i m p l e m e n t s
have b e e n d e s i g n e d and r e c o m m e n d e d . T h e
i m p l e m e n t s are not easi ly avai lable e i ther fo r
pu rchase o r on hire. M a k i n g t h e s e i m p l e m e n t s
avai lable on a hire basis w i l l go a long w a y t o w a r d s
encou rag ing f a rme rs t o use t h e s e s i m p l e dev ises
for ob ta in ing be t te r re tu rns .
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As p ro jec ted by t he NCAER, on ly abou t 2 mi l l ion
T a b l e 7 . P h y s i c a l a n d g r o s s f i n a n c i a l r e t u r n s o n s o r g h u m o n t h e bas is o f p r ices e f f e c t i v e f r o m 8 J u n e 1 9 8 0 .
Kg o f g ra in requ i red
t o b u y 1 kg
o f n u t r i e n t
G r o s s f inanc ia l r e t u r n s
o n e v e r y r u p e e i n v e s t e d
o n fer t i l i zer
N u t r i e n t P a d d y W h e a t S o r g h u m Paddy W h e a t S o r g h u m
N
P2O5
(as DAP)
K2O
4 . 5 8
5 .19
1.93
3.72
4 .21
1.56
5.12
5.80
2 .15
2 .62
1.35
2 .10
3 .23
1.66
3 .20
1.09
0 .69
5 . 3 4
S o u r c e : F A I 1 9 8 0 . P a g e s 7 2 - 7 4 i n A n n u a l r e v i e w o f f e r t i l i se r c o n s u m p t i o n a n d p r o d u c t i o n 1 9 7 9 - 8 0 .
Stabi l izat ion o f s o r g h u m p roduc t i on i s poss ib le by
prov id ing supp lemen ta l i r r igat ion t h r o u g h var ious
m e a s u r e s . The poss ib i l i t ies have to be exp lo red
and ut i l ized. O n e o f t h e m e a s u r e s i s to d iver t
s o m e o f t h e w a t e r resources , n o w be ing used fo r
rais ing paddy under i r r igat ion, t o l o w and m e d i u m
rainfal l areas. The n e e d and s c o p e fo r harves t ing
and s to r ing rain w a t e r , fo r use dur ing cr i t ical
per iods in adequa te rainfal l areas as w e l l as in l o w
rainfal l areas, are e m i n e n t . Technolog ica l ly , i t has
b e e n s h o w n tha t t h e scope fo r increas ing as w e l l
as stabi l iz ing t h e y ie lds are t r e m e n d o u s in all t he
ra in fed zones in genera l , and t h e l o w rainfal l zones
in part icular, by adop t i ng t h e f a r m p o n d techn ique .
P rob lems in t h e cons t ruc t i on o f s to rage p o n d s
and in l i f t ing and us ing t h e w a t e r s t o r e d are st i l l to
be reso lved . As s ta ted earl ier, t h e ho ld ings are no t
o f an appropr ia te size and shape to fac i l i ta te laying
of p lo ts fo r harves t ing and s to r ing rain wa te r . The
cont r i vances needed fo r l i f t ing and app ly ing w a t e r
are not easi ly avai lable.
The i nves tmen t s needed on t h e cons t ruc t i on o f
ponds and on cont r ivances fo r l i f t ing w a t e r are
qu i te heavy for dry land fa rmers to bear. Credi t
faci l i t ies and also technical he lp n e e d e d in th is
regard are no t easi ly avai lable. As a resul t , soi l and
w a t e r conserva t ion measu res are res t r i c ted to
con tou r bund ing only. Fo l low-up ac t ion for p o p u -
larizing ag ronomic pract ices that go w i t h c o n t o u r
bund ing is no t v igorous . As a resul t , t h e use of
fer t i l izers in d ry - fa rming areas is m in ima l a l t hough
fa rme rs are conv inced o f t h e advan tages o f
imp rov ing t h e fer t i l i ty s ta tus o f soi ls t h r o u g h
jud ic ious use o f manu res and fer t i l izers. Un less
t h e s e handicaps are remed ied , i t w i l l be d i f f icu l t to
ach ieve t h e level o f p roduc t ion requ i red to be
ach ieved in t h e 1980s and by t he e n d o f t h e
cen tu ry .
In recent years , chemica ls are b e c o m i n g increas-
ingly impor tan t as an input fo r raising agr icu l tura l
p roduc t ion in India. The plant p ro tec t ion m e t h o d s
used be fo re t h e year 1950 cons i s ted main ly o f
cul tura l and mechan ica l m e t h o d s , a l though che -
mica ls w e r e used for seed t r e a t m e n t and fo r
cont ro l l ing cer ta in pes ts and d iseases on s o m e
cash c rops l ike vege tab les . In 1 9 5 5 / 5 6 t h e quan t i -
t y o f chemica ls used w a s abou t 16 g / h a and by
1 9 7 4 / 7 5 i t had increased to 180 g / h a as aga inst
10 7 9 0 in Japan , 1480 in t h e USA and 1870 in
Europe (NCA 1976f) . In 1971 / 7 2 t h e to ta l quan t i t y
o f chemica ls used in t h e coun t ry fo r p ro tec t i ng
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ha w o u l d be under i r r igat ion in 1 9 8 6 / 8 7 . By 1985,
as p ro jec ted by t h e NCA, i r r igated s o r g h u m w o u l d
be 1.5 mi l l ion ha (NCA 1976e). I t is seen that as
m u c h as 9 mi l l ion ha of s o r g h u m is in adequa te
rainfal l reg ions and 7 mi l l ion ha in l o w rainfal l
reg ions (NCAER 1979). In i r r igated and adequa te
rainfal l areas, t he re is no d o u b t abou t t he advan-
tages of us ing fer t i l izers. Even in l o w rainfal l areas,
t h e response t o fer t i l izers has been s h o w n to be
e n o u g h a n d economica l . W h a t i s n e e d e d there-
f o re i s to in tens i fy t h e ex tens ion e f f o r t s to
conv ince t h e f a rmers abou t t h e advan tage o f
us ing fer t i l izers. The qual i ty and n u m b e r o f de -
mons t ra t i ons are no t adequa te e n o u g h to g ive a 
g o o d cove rage in all t he t rac ts .
Present Position
A n u m b e r o f d iseases and p e s t s inc lud ing w e e d s
are k n o w n t o be respons ib le f o r l o w e r i n g t h e gra in
a n d fodder y ie ld o f s o r g h u m . The insec ts a n d
d isease-caus ing o r g a n i s m s have b e e n s tud ied in
deta i l i n d i f fe ren t par ts o f t h e w o r l d and var ious
con t ro l m e a s u r e s have b e e n d e v e l o p e d and advo-
ca ted fo r adop t ion by f a rmers . The m e a s u r e s as
r e c o m m e n d e d are be ing a d o p t e d in India on ly
w h e n t h e pes ts o r d iseases a s s u m e ser ious
propor t ions .
S o r g h u m has never rece ived m u c h a t t en t i on
inso fa r as c r o p p r o t e c t i o n i s c o n c e r n e d , e x c e p t in
t h e case o f s m u t s fo r w h i c h s e e d t r e a t m e n t w i t h
su lphur has b e e n t h e m o s t e f f e c t i v e m e t h o d .
S e e d t r e a t m e n t has b e c o m e popu la r i n t h e
c o u n t r y s ince i t is a ve r y s i m p l e and c h e a p m e t h o d
to con t ro l s m u t d i sease . As a resul t , t h e sever i t y
o f th is d i sease i s on t h e dec l ine .
W h e n e v e r po l yphagus pes ts l ike a r m y w o r m s
or g rasshoppers have i n fes ted part icu lar areas in
a n e p i d e m i c f o r m , con t ro l m e a s u r e s have b e e n
a d o p t e d on a c o m m u n i t y basis under t h e prov i -
s ions o f pes t con t ro l ac ts enac ted by var ious s ta te
g o v e r n m e n t s . I t w a s on ly w i t h t h e in t roduc t ion o f
hybr ids i n 1964 tha t t h e s o r g h u m g r o w e r s i n t h e
c o u n t r y b e c a m e consc ious o f t h e fac t tha t sor-
g h u m also n e e d s p ro tec t i ve m e a s u r e s . The spec -
tacu lar y ie lds o f hybr ids , r epo r ted in t h e beg in -
n ing , a t t rac ted t h e a t t en t i on o f s o r g h u m g r o w e r s
all ove r t h e c o u n t r y a n d t h e r e w a s a s c r a m b l e fo r
s e e d w h i c h w a s so ld a t Rs. 15-207 kg . T h e e n t h u -
s i a s m resu l ted i n ind isc r im ina te s o w i n g o f t h e
C S H - 1 c rop , i n a n d o u t o f season , u n m i n d f u l o f
t h e fac t t ha t i t w a s suscep t i b le t o m a n y p e s t s
espec ia l ly w h e n i t w a s s o w n i n cer ta in par ts o f t h e
year. Shoo t f l y w a s ve ry d a m a g i n g w h e n t h e c r o p
w a s s o w n b e t w e e n Ju ly and Oc tobe r . T h e c rops
s o w n b e t w e e n February a n d J u n e w e r e c o m p a r a -
t i ve ly f r ee f r o m pes ts . Earhead p e s t s and d is -
eases a s s u m e d ser ious d i m e n s i o n s in later years .
A n eva lua t ion s t u d y o f t h e H igh Y ie ld ing
Var ie t ies P rog ram for 1 9 6 7 / 6 8 a n d 1 9 6 8 / 6 9 ,
carr ied ou t by t h e Project Evaluat ion Organ isa t ion
o f t h e Planning C o m m i s s i o n , ind ica ted tha t t h e
loss d u e t o p e s t s a n d d iseases o n s o r g h u m hybr id
w a s as m u c h as 1 1 - 1 2 % in 1967 and 2 9 - 4 2 % in
1968 (NCA 1976f) . The sever i t y o f s o m e p e s t s
w a s so g rea t i n s o m e par ts o f t h e coun t r y t ha t i t
has lef t a p e r m a n e n t scare abou t p e s t s on hybr ids
in t h e m i n d s o f g r o w e r s . Even n o w , t h e popu lar
fee l i ng is tha t s o r g h u m hybr ids are very suscep t i -
b le to p e s t s and d i seases , inc lud ing t h e Striga 
paras i te , and tha t g r o w i n g hybr ids w i t h o u t an
adequa te k n o w - h o w and f inancia l suppo r t is a 
ve ry r isky affair. The fac t tha t hybr ids g r o w n in t h e
no rma l season , w h e n t h e t rad i t ional var ie t ies
w e r e g r o w n , are as sa fe i s st i l l t o be d r i ven h o m e
e m p h a t i c a l l y a n d conv inc ing ly . T h e seasona l
aspec t o f shoo t f l y i nc idence is be ing increas ing ly
u n d e r s t o o d and a d j u s t m e n t s are be ing m a d e in
s o w i n g da tes t o t h e ex ten t poss ib le . Chemica l
m e t h o d s are a lso be ing a d o p t e d under cer ta in
c i r c u m s t a n c e s . The earhead p e s t s and d iseases ,
h o w e v e r , are tak ing a heavy to l l in h u m i d areas
espec ia l ly i f t h e rains occur w h e n t h e c rop is in t h e
gra in f o rma t i on and d e v e l o p m e n t s tage . In cer ta in
areas, t h e Striga paras i te is b e c o m i n g ser ious .
A t t e m p t s m a d e to con t ro l i t w i t h chem ica l s i s no t
p rov ing to be ve ry popular o r r ewa rd ing .
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c rops against ravages o f pes ts and d i seases w a s
jus t 30 0 0 0 t o n n e s o f techn ica l mater ia l . I t i s
e x p e c t e d to be 52 0 0 0 t o n n e s i n 1 9 8 0 / 8 1 (Gov-
e r n m e n t o f India 1981). T h e p ro jec t ions m a d e by
N C A (1976f) ind icate tha t by 1 9 8 5 / 8 6 , t h e leve l
shou ld reach 0.14 mi l l ion t o n n e s . Th is s h o w s tha t
t h e t e m p o o f d e v e l o p m e n t i s no t as i t shou ld be .
T h e increase s u g g e s t e d by t h e N C A i s i n v i e w o f
t h e n e e d fo r p reven t i ng t h e losses c a u s e d t o
var ious c rops .
Constraints in Using Chemicals
I t is necessary to s ta te again tha t t h e risk bear ing
capac i ty o f s o r g h u m g r o w e r s i n genera l , and
t h o s e in t h e l o w rainfal l areas in part icular, i s l o w .
T h e n e t w o r k o f supp l ies and serv ices organiza-
t i ons i s t o o sparse in t h e s o r g h u m - g r o w i n g areas
to ensu re t i m e l y supp l ies and serv ices . Cred i t
avai labi l i ty i s a lso no t adequa te a n d t ime l y . Unde r
t h e c i r cums tances , i t is natura l to e x p e c t a 
so lu t ion t o t h e s e p r o b l e m s f r o m t h e p lant b reed -
e rs i n t h e f o r m o f res is tant var ie t ies . A g r o n o m i s t s
a n d p lant p ro tec t i on spec ia l is ts can a lso m a k e
the i r con t r i bu t i ons i n t h e w a y o f su i tab le ag rono-
m i c p rac t ices a n d o the r s i m p l e m e t h o d s w h i c h
w o u l d he lp i n keep ing t h e s e ma lad ies unde r
con t ro l a t less c o s t and e f fo r t . I t i s e x p e c t e d tha t
t h e r e w i l l be ma jo r b reak th roughs i n t h e e n s u i n g
years i n th i s respec t . Even t h e n , t h e r e m a y no t be
a n y escape f r o m us ing chemica l s f o r sav ing t h e
c r o p f r o m t h e s e ravages.
The m a i n r e q u i r e m e n t t o m a k e s o r g h u m g r o w -
e r s p lan t -p ro tec t ion consc ious i s t o a r range fo r t h e
t i m e l y supp ly o f qua l i ty chemica l s a long w i t h t h e
techn ica l k n o w - h o w . The package o f techn ica l
k n o w - h o w shou ld inc lude no t on ly cho i ce o f
chemica l s and deta i ls o f t i m e and m e t h o d s o f
app l ica t ion, e tc . , bu t also t h e sa feguards requ i red
in us ing t h e s e chemica ls to avo id t h e hazards o f
po l lu t ion . The organizat ions e n t r u s t e d w i t h t h e s e
respons ib i l i t ies have been w e a k and also t h e
pe rsonne l mann ing t h e s t ruc tu re have no t b e e n
adequa te l y equ ipped to shou lder t he respons ib i l -
i ty. T h e c rux o f t he p r o b l e m , the re fo re , cen te rs
a round inadequate organizat ions. The o ther shor t -
c o m i n g s have been t h e absence o f an appropr ia te
q u a l i t y c o n t r o l m e c h a n i s m a n d i n a d e q u a t e
a r r a n g e m e n t s in t he supp ly and u p k e e p o f equ ip -
m e n t n e e d e d fo r us ing t h e chemica l s .
In s u m m a r y , i t can be said tha t i t is necessary to
s t r e n g t h e n t h e ex tens ion , d e v e l o p m e n t , and t h e
supp l ies and serv ices organizat ions to be t te r
tack le t he p r o b l e m s o f pes ts , d iseases , and t h e
Striga parasi te in t h e fu tu re .
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Research Systems
W h y s t u d y research? Does no t s tudy ing research
s y s t e m s de t rac t f r o m t h e p rocess o f do ing re-
search i tse l f? A n d . w h a t i s t o be ga ined t h r o u g h
t h e s t u d y o f research s y s t e m s ? Such ques t i ons
are w o r t h y o f cons ide ra t i on , f o r c lear ly t h e s t u d y
o f agr icu l tura l research s y s t e m s i s no t an es tab -
l i shed f ie ld o f inquiry.
W i t h o u t be labor ing t h e s e ques t i ons , let us
a t t e m p t to a n s w e r t h e m . First, i t shou ld be clear
to all t ha t agr icu l tura l research s y s t e m s tha t are
poor l y o rgan ized are s imp l y ine f fec t i ve . W e n e e d
to k n o w m o r e a b o u t research organizat ion i n o rder
t o d e t e r m i n e w h a t charac ter is t i cs are l ikely t o
p r o m o t e h igh qual i ty research . S e c o n d , agr icu l tu -
ral research e m e r g e d dur ing t h e colonia l pe r iod in
w o r l d h is to ry a n d w a s d e s i g n e d t o se rve colonia l
i n te res ts (Busch and Sachs 1981). M a n y o f t h e
ins t i tu t iona l s t ruc tu res , a n d e v e n tac i t a s s u m p -
t i ons m a d e by sc ien t i s ts du r ing t h e colonia l pe r iod
h a v e b e e n he ld over t o t h e p resen t . A r e s u c h
s t ruc tu res and a s s u m p t i o n s val id? Do t hey pro-
m o t e d e v e l o p m e n t o r d e p e n d e n c e ? Th i rd , agr icu l -
tura l research m a y inadver ten t l y lead to undes i r -
ab le socia l and e c o n o m i c change . Th is s u g g e s t s
tha t a be t t e r unde rs tand ing o f t h e opera t ion o f
research s y s t e m s m a y he lp us reso lve t h e appa-
ren t an t i thes is b e t w e e n e f f i c i e n c y and equ i ty .
I n th i s paper w e beg in b y e x a m i n i n g br ie f l y t h e
h is tor ica l d e v e l o p m e n t o f agr icu l tura l research .
T h e n w e e x a m i n e t h e cu r ren t s t r uc tu re o f t h e
research s y s t e m . T h e nex t sec t i on dea ls w i t h t h e
p rocess o f research dec is ion m a k i n g . Finally, w e
dea l w i t h t h e p r o d u c t s o f research a n d the i r po l icy
imp l i ca t ions .
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A n H is tor ica l O v e r v i e w
T i m e and space do no t pe rm i t a de ta i led ana lys is
o f t h e histor ical d e v e l o p m e n t o f agr icu l tura l re-
search s y s t e m s . H o w e v e r , a br ief s k e t c h o f t h e
m o d e l s used in agr icul tura l research w i l l he lp to
f o c u s upon t h e key issues t o be c o n f r o n t e d du r ing
t h e e igh t ies . As no ted prev ious ly , agr icu l tura l
research in less deve loped coun t r i es e m e r g e d no t
f r o m t h e d e m a n d s o f f a rmers bu t , in large par t , i n
response t o t h e d e m a n d s o f t h e colonia l p o w e r s
fo r a w i d e range o f t ropical p roduc ts . As B r o c k w a y
(1979) and Spitz (1975) have n o t e d , t h e t rans fe r o f
p lant mater ia l ac ross t h e con t i nen t s da tes back to
at least t h e 1500s.
Unt i l ve ry recent ly , t h e m o d e l e m p l o y e d in
v i r tual ly all agr icul tural research w a s w h a t we cal l
t h e diffusion m o d e l (Fig. 1). In t h e d i f fus ion m o d e l
t h e researcher ac ted upon a research te r r i to ry
rece iv ing cer ta in s ignals in re tu rn tha t i nd ica ted
inc reased y ie lds a n d / o r re tu rn upon i n v e s t m e n t .
T h e s e research resu l ts w e r e t h e n d i f f used t o
f a r m e r s fo r use in the i r f ie lds. O f t e n , t h e s e
research resu l ts w e r e deve loped i n t h e t e m p e r -
a te , industr ia l ized coun t r ies and passed on d i rec t ly
t o f a rme rs w i t h o u t c lose examina t i on . Th is w a s
part icular ly t r ue in t h e case o f f oods tu f f s , as m o s t
research actual ly car r ied o u t i n t h e t rop i cs c o n -
ce rned t h e so-cal led " e x p o r t " c rops . In genera l ,
t h e a s s u m p t i o n w a s t h a t r e s e a r c h r e s u l t s
ob ta ined a t e x p e r i m e n t s ta t ions w o u l d be rep ro -
duc ib le on f a r m e r s ' f ie lds i f t h e f a r m e r s f o l l o w e d
t h e p roper ins t ruc t ions . As a resul t , f a rme rs w e r e
o f t e n exho r ted , and occasional ly f o r c e d (e.g. .
C o m e t 1965), t o e m p l o y t h e a l legedly i m p r o v e d
m e t h o d s .
The d i f fus ion m o d e l r e m a i n e d t h e d o m i n a n t
m o d e l fo r agr icul tura l research and e x t e n s i o n unt i l
w e l l in to t h e m idd le o f t h e 2 0 t h cen tu ry . I t w a s
f requen t l y unsuccess fu l . W h a t d i f f us ion s tud ies
fa i led t o n o t e w a s tha t t h e f a r m e r ' s goa l w a s n o t
so m u c h to increase p roduc t i v i t y as to ob ta in a 
l i ve l ihood. As t h e late A n d r e w Pearse (1980, p . 20)
has pu t i t :
"Fo r t h e typ ica l rural head o f fami ly , t h e cen t ra l
p r o b l e m o f l i ve l ihood i s o n e o f h o w to p r o d u c e
or ob ta in by e x c h a n g e o r pu rchase su f f i c ien t
f o o d fo r all t h e year round to ma in ta in t h e
m e m b e r s o f t h e fam i l y in a cond i t i on o f ' n o r m a l '
g o o d h e a l t h . "
As a resul t , a g rea t n u m b e r of f ac to rs o the r t h a n
e c o n o m i c a n d techn ica l o n e s en te r in to innova t ion
dec is ions (Mb i t h i 1977). M o r e o v e r , s tud ies o f
d i f f us ion p r o c e s s e s f r e q u e n t l y p o i n t e d o u t t ha t
p e o p l e m o s t l ikely t o adop t agr icu l tura l innova-
t i ons w e r e t h o s e w h o w e r e m o s t c o s m o p o l i t a n ,
bes t e d u c a t e d , wea l t h i es t , and had g rea tes t
access to c red i t (Rogers and S h o e m a k e r 1971). In
shor t , peop le m o s t l ikely t o adop t agr icu l tura l
innova t ions w e r e t h o s e m o s t l ike t h e researchers .
By t h e m i d - 1 9 5 0 s a m o d e l w a s d e v e l o p e d
w h i c h we have labe led t h e feedback m o d e l .
Research w a s st i l l c o n d u c t e d largely on exper i -
m e n t s ta t ions a n d rarely on f a r m e r s ' f i e lds .
H o w e v e r , a f te r i n fo rma t i on w a s supp l i ed t o t h e
f a r m e r o n t h e n e w innova t ions tha t research had
p r o d u c e d , t h e f a r m e r w a s asked i f he o r s h e
— a n d m o r e l ikely h e than s h e — h a d a d o p t e d t h e
n e w innova t ion a n d i f no t , w h y no t . The resu l t w a s
a subs tan t ia l i m p r o v e m e n t in t h e c o m m u n i c a t i o n s
p rocess t h o u g h i t neve r the less r e m a i n e d a o n e -
w a y p rocess . T h e bas ic under ly ing a s s u m p t i o n s
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Figure 1. Models of agricultural research. 
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st i l l r e m a i n e d : I t w a s a s s u m e d tha t t h e researcher
had the r ight a n s w e r s to t he r ight ques t i ons . The
f a r m e r w a s on ly consu l t ed t o s e e w h e t h e r o r no t
t h e m e s s a g e de l i ve red by t h e researcher (or his
agent ) had b e e n rece ived .
M o r e recent ly , w i t h t he d e v e l o p m e n t o f so-
ca l led f a r m i n g s y s t e m s research , a n e w m o d e l
has d e v e l o p e d . W e have labeled th is n e w m o d e l
t h e reconnaissance m o d e l . In th is m o d e l , re-
search con t i nues to be c o n d u c t e d in t h e or ig inal
w a y on e x p e r i m e n t s ta t ions . H o w e v e r , a n e w
research te r r i to ry has been added , tha t o f t h e
so-ca l led f a r m i n g s y s t e m . This c lear ly rep resen ts
a vas t i m p r o v e m e n t over t h e o lder f eedback
m o d e l . H o w e v e r , i t st i l l con ta ins cer ta in ser ious
d r a w b a c k s . As is i l lus t ra ted in F igure 1 , t h e
research te r r i to ry ca l led a f a r m i n g s y s t e m is no t
t h e f a r m e r ' s f ie ld i tself . O f cou rse , b o t h f a rm ing
s y s t e m s research and t h e actual pract ice o f
f a r m i n g by peasan ts t e n d to take p lace in p rec ise-
l y t h e s a m e phys ica l locat ion . H o w e v e r , t h e social
locat ion o f t he researcher and the f a rme r rema in
d is t inc t . The t e n d e n c y in f a r m i n g s y s t e m s s tud ies
has f r equen t l y b e e n to approach t h e f a rme r and
perhaps his o r her fami ly w i t h an e n o r m o u s
bat te ry o f ques t i ons . Then , responses o f large
n u m b e r s o f f a rme rs have been co l la ted and
stat is t ica l ly ana lyzed in acco rdance w i t h t h e re-
searchers ' theore t i ca l pe rspec t i ve . The ques t i ons
h o w e v e r , have r e m a i n e d t h o s e o f t h e researcher
and no t o f t h e fa rmer . M o r e o v e r , o f t e n resear-
che rs have p r e s u m e d that t h e f a r m e r s ' r esponses
re f l ec ted the ac tua l s ta te o f af fa i rs and tha t t h e
fa rme r w a s f r ee t o open ly a n s w e r t h e ques t i ons
asked by t h e researcher . In genera l , t h e f a rme r
w a s rarely a s k e d w h a t ques t i ons he o r she s a w as
re levant , o r w h a t t h e a n s w e r s t o s u c h ques t i ons
m i g h t be . As a resul t , w h i l e t h e pe rspec t i ve o f t h e
researcher w a s far c loser to tha t o f t h e f a rme r
t h a n i t had b e e n be fo re , t h e r e st i l l ex i s ted a gap
b e t w e e n the i r unders tand ings o f t h e p r o b l e m s a t
hand .
M o s t recent ly , a f ou r th m o d e l has e m e r g e d ,
tha t of dialogue. Here t h e researcher in teracts
w i t h t h e f a rme r as an equa l , as a par tner in t h e
research p rocess . The research ter r i to ry t h e n
b e c o m e s t h e f a r m e r ' s f ie ld i tsel f and t h e f a rme r
b e c o m e s an ac t ive par t ic ipant in t h e research
dec is ion m a k i n g p rocess i tself . To da te , th is has
h a p p e n e d in on ly a f e w ins tances . M o r e o v e r , t h e
resu l ts have b e e n m i x e d because o f t e n resear-
chers t e n d t o e m p l o y e labora te t echn iques that
rema in b e y o n d t h e c o m p r e h e n s i o n o f f a rmers .
The d e v e l o p m e n t of in ternat ional agr icu l tura l re-
search cen te rs is o f recent or ig in and t h e deve lop -
m e n t o f an ins t i tu te w i t h spec i f ic f o c u s on t h e
semi-ar id t rop ics is an even m o r e recent even t .
Like m o s t o f t he o ther in ternat ional agr icu l tura l
research cen te rs (IARC), ICRISAT w a s o rgan ized
on the m o d e l deve loped a t C I M M Y T ( W a d e 1975.
p. 91). Howeve r , unl ike m a n y of i ts s is ter ins t i tu -
t ions , ICRISAT faces an inst i tu t ional e n v i r o n m e n t
qu i te d i f fe ren t and far less l ikely to y ie ld t h e s a m e
spectacular k inds of y ie ld increases a c c o m p l i s h e d
w i t h w h e a t and r ice.
Speci f ical ly cons ider t he f o l l o w i n g :
1 . Those fa rmers w h o are t he u l t ima te ta rge t
o f n e w s o r g h u m research are substant ia l ly
poorer than t hose engaged in t h e cu l t i va t ion
o f w h e a t o r r ice. Mo reove r , m o s t f a r m e r s
w h o cul t ivate s o r g h u m do so under ra in fed
cond i t ions in relat ively poor soi l (Kanwar
1980).
2 . M a r k e t s fo r s o r g h u m t e n d to be sma l l a n d
relat ively f r a g m e n t e d . They are also suscep -
t ib le to local or nat ional pr ice po l ic ies tha t
d iscourage p roduc t ion .
3 . The very pover ty o f m o s t s o r g h u m produc-
ers in t he semi-ar id t rop ics m a k e s i t h igh ly
unl ikely that any capi ta l - in tensive t echno lo -
gy , based on high levels o f inpu ts w i l l be
success fu l l y adop ted .
4 . Bo th w h e a t and rice have long b e e n t h e
sub jec t o f agr icul tural research in w e s t e r n
count r ies . C I M M Y T and IRRI cou ld , t he re -
fore , d r a w f r o m an i m m e n s e body o f sc ien -
t i f ic l i terature in deve lop ing var ie t ies su i tab le
fo r m o r e t ropical cond i t i ons . The ve ry fac t
tha t s o r g h u m is o f substant ia l ly less econo -
mic impor tance t o t h e d e v e l o p e d coun t r i es
m e a n s tha t ICRISAT con t i nues to have a 
smal le r back log o f sc ient i f ic i n f o rma t i on
upon w h i c h t o d r a w .
5 . M o s t o f t h e o the r in ternat iona l cen te rs w e r e
es tab l i shed dur ing a per iod of genera l ly
sus ta ined w o r l d w i d e e c o n o m i c g r o w t h . Th is
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H o w e v e r , th is m o d e o f research appears to ho ld
substant ia l p r o m i s e for i t pu ts t h e researcher , to a 
far g reater degree , in to t he everyday w o r l d o f t h e
farmer . We shall have m o r e to say abou t th i s
m o d e l later.
Figure 2. A model of the contemporary structure of sorghum research. 
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g r o w t h m a d e poss ib le t h e d e v e l o p m e n t o f
substant ia l n u m b e r s o f t h e m . H o w e v e r , as
w e en te r in to t h e e igh t ies , t h e w o r l d eco-
n o m y is in a far m o r e precar ious cond i t ion
and fu r the r g r o w t h o f t h e in ternat ional cen -
te rs is h igh ly unl ikely ove r t he nex t decade
(Evenson 1978, p. 226) .
6 . The nat ional research s y s t e m s w i t h w h i c h
ICRISAT m u s t in teract are b o t h var ied in s ize
and e f f ec t i veness and o f t e n incapable o f
e f fec t i ve l y p e r f o r m i n g adapt ive research .
ICRISAT is loca ted at t h e t o p of an increasingly
c o m p l e x and var ied s y s t e m (Fig. 2). I t in teracts
w i t h a var ie ty o f nat ional research s y s t e m s . These
in te rac t ions are b o t h d i rec t as w e l l as t h rough t h e
var ious f ie ld s ta t ions w h i c h ICRISAT has estab-
l ished a round t h e w o r l d . These nat ional s y s t e m s
range f r o m o ld es tab l i shed s y s t e m s w i t h large
n u m b e r s o f w e l l t ra ined sc ien t i s ts t o n e w l y
es tab l i shed s y s t e m s w i t h v i r tual ly no t ra ined
sc ien t i s ts o r resources . A l l , h o w e v e r , su f fe r f r o m
cer ta in ser ious de f i c ienc ies .
First, t he re is a t e n d e n c y in m o s t nat ional
research s y s t e m s fo r m o n e y to be spent on
c o m m o d i t i e s tha t have been researched for t h e
longes t t i m e (Evenson 1978, p . 229) . Such c o m -
m o d i t i e s are near ly a lways expor t c rops . Second ,
e x t e n s i o n s y s t e m s t e n d t o be m u c h larger than
research s y t e m s desp i te t he fact tha t the re i s
o f t e n l i t t le t o e x t e n d . Th i rd , r e w a r d s y s t e m s fo r
sc ien t i s ts t e n d to be poor ly d e v e l o p e d and even
coun te rp roduc t i ve . Such r e w a r d s y s t e m s m a y
encou rage the bes t sc ien t i s ts t o b e c o m e fu l l - t ime
admin is t ra to rs , m a y r e w a r d sen ior i ty over qual i ty ,
and encou rage t h e pub l ica t ion o f re lat ively esoter -
ic papers in w e s t e r n journals (e.g. , Hargrove
1 9 7 9 / 8 0 , p . 122). Clearly, s u c h r e w a r d s y s t e m s
n e e d to be a l te red (Chambers 1980), ye t v i r tual ly
no base l ine data ex is t upon w h i c h to plan organi -
zat ional change . Indeed, M o s e m a n ' s (1970 p. 38)
obse rva t i ons of a decade ago are probably st i l l
accu ra te : " I n genera l , agr icu l tura l research in
deve lop ing nat ions is m o r e persona l ized than
organ ized, and d e p e n d s largely upon the in i t iat ive,
v igor , and level o f t ra in ing of indiv idual research
w o r k e r s . "
Pressure to p rov ide e m p l o y m e n t has lef t m a n y
agr icu l tura l research s y s t e m s w i t h large n u m b e r s
of t ra ined Ph. D.s and f e w or no resources . Yet ,
w i t h o u t access to sc ient i f ic l i terature and cer ta in
basic research too ls , re lat ively l i t t le research w i l l
be a c c o m p l i s h e d in nat ional s y s t e m s . On t h e
o the r hand , a lack of resources m a y be used as an
excuse to do no th ing at all and is part of a 
sel f- ful f i l l ing p rophecy that sees research as
mere ly t he hal lmark of m o d e r n i t y rather than a 
veh ic le for d e v e l o p m e n t .
Finally, as Koppel (1979, p. 125) has n o t e d , " i t is
clear i f not a lways a d m i t t e d , tha t re la t ionsh ips
b e t w e e n t h e internat ional agr icul tura l research
cen te rs and the nat ional agr icu l tura l research
s y s t e m s are o f t en character ized by d i ve rgen t
assump t i ons about w h o shou ld and shou ld no t be
do ing w h a t . " In t h e past, researchers cou ld
cons ider their research success fu l i f i t resu l ted in
an increase in t he y ie ld per hec ta re of a part icular
c o m m o d i t y (Bohnet and Reichel t 1972. p. 146).
Current ly , and in part due to t h e cr i t ics o f t h e
Green Revolu t ion, researchers are be ing asked to
take a m u c h w i d e r range of fac to rs into accoun t in
assess ing bo th research p rob lems and research
produc ts .
The relat ions b e t w e e n research and ex tens ion
raise another set o f p rob lemat ics . In m a n y c o u n -
t r ies, research and ex tens ion are organizat ional ly
separate inst i tu t ions. In s o m e cases th is may , and
undoub ted l y does , serve to put one m o r e road-
block in t he w a y o f t he e f fec t i ve d i f fus ion o f e v e n
the m o s t sound research resul ts . Mo reove r , t h e
researchers may f ind t h e m s e l v e s e f fec t i ve ly insu-
la ted f r o m any contac t w i t h t he m a s s o f t he rural
popu la t ion .
A f inal e l e m e n t in research is t he increas ing role
of pr ivate research and ex tens ion in areas t rad i -
t ional ly reserved for t he publ ic sector . I t shou ld be
r e m e m b e r e d that pr ivate research and ex tens ion
has as i ts p r imary goal , t he c reat ion of pr ivate
prof i t . This ma y co inc ide and be compa t i b l e w i t h
the goals o f publ ic research. H o w e v e r , t he re is no
assurance that i t w i l l . Indeed, Tr igo and Pineiro
(1981) have v i e w e d w i t h a larm the rise o f pr iva te
research ins t i tu t ions in Lat in Amer i ca . They n o t e
that increased pr ivate research has been t igh t l y
a l igned w i t h (a) t he deter io ra t ion of publ ic re-
search ins t i tu t ions , (b) t he vir tual e l im ina t ion of
research a i m e d at smal l f a rmers , and (c) an
increas ing inabi l i ty on t h e part o f t h e publ ic sec to r
to d e t e r m i n e the d i rec t ion o f techn ica l change .
W h i l e l i t t le o r no ev idence ex is ts to sugges t tha t
such is t h e case in t h e major s o r g h u m p roduc ing
nat ions, increasing pr ivate sec to r i n v o l v e m e n t w i l l
be a fac tor in s o r g h u m research in t he 1980s. T h e
role such research w i l l play needs to be g i v e n
greater a t ten t ion by pol icy make rs .
Finally, w e c o m e t o t he f a rme rs t h e m s e l v e s ,
t h e k ingpin i n t he ent i re research s y s t e m . Yet , we
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f i nd tha t the i r l inkage w i t h t h e rest o f t h e s y s t e m
is probab ly t h e w e a k e s t o f al l . Desp i t e cer ta in
ou ts tand ing excep t i ons , m a n y s o r g h u m fa rme rs
are v i r tual ly u n a w a r e o f t h e e x i s t e n c e o f research
a n d ex tens ion serv ices , let a lone ac t ive ly receiv-
ing t hose serv ices . Th is is part icular ly u n f o r t u n a t e
in tha t s o r g h u m fa rme rs have d e v e l o p e d , ove r t h e
cen tu r ies , a substant ia l back log of fo lk k n o w l e d g e
relat ing t o t h e c rop . W h i l e u n d o u b t e d l y s o m e o f
tha t fo lk k n o w l e d g e i s e r roneous , t h e reco rd
s h o w s that p rac t ices w h i c h e v o l v e d i n fo lk sys-
t e m s are m o r e o f t e n than no t w e l l su i t ed t o the i r
respec t i ve e n v i r o n m e n t s . As a g r o n o m i s t Pierre
Spi tz has n o t e d :
Thus , i t i s necessary tha t sc ien t i s t s no t be
conv inced o f t h e super io r i t y tha t the i r k n o w -
ledge o f t h e agr icu l tura l sc iences c o n f e r s u p o n
t h e m , bu t c o n v i n c e d o f t h e r i chness o f peasan t
k n o w - h o w . Sc ience beg ins in th i s d o m a i n as in
m o s t o the rs w i t h m o d e s t y a n d t h e capac i ty t o
adm i t o n e ' s ignorance, no t w i t h a r rogance a n d
c o n t e m p t (1979, p . 278 , ou r t ranslat ion) .
s imi lar i t ies such as hav ing s t u d i e d at o n e of on l y a 
hand fu l o f un ivers i t ies and be ing c o m p a r a b l e in
age . W h o are t h e s o r g h u m sc ien t i s ts , research
admin i s t ra to rs and pol icy make rs? W h a t i s t h e
na tu re o f the i r backg round and educa t ion? H o w
h o m o g e n e o u s o r h e t e r o g e n e o u s are the i r back-
g r o u n d s and expe r iences? Is t h e r e a po ten t ia l
insular i ty in the i r educa t iona l and research exper i -
e n c e s ?
T h e s e e d u c a t i o n a l e x p e r i e n c e s a n d back-
g r o u n d s are impo r tan t c o m p o n e n t s o f t h e larger
p rocess t ha t i s k n o w n as career soc ia l izat ion. The
career o f an agr icu l tura l sc ien t i s t en ta i ls n u m e r o u s
expe r i ences a n d dec is ions w h i c h are con t i nuous l y
b e i n g r e e x a m i n e d and r e f o r m u l a t e d . I m p o r t a n t
cho i ces enta i l t h e f ie ld , d isc ip l ine, o r c rop specia l i -
zat ion i tself , t h e spec i f i c research p r o b l e m s or
ques t i ons , t h e cho ice o f research m e t h o d s and
approaches , t h e ident i f i ca t ion o f key c o n c e p t s a n d
t h e theore t i ca l o r ien ta t ion . The p rocesses by
w h i c h t h e s e essent ia l dec is ions are m a d e are
i m p o r t a n t fo r unde rs tand ing t h e cu r ren t p roduc t s
as w e l l as t h e f u t u r e poss ib i l i t ies o f t h e research
s y s t e m . A n u m b e r of peop le in a sc ien t i s t ' s career
m a y i m p i n g e o n t h o s e dec is ions . T h e s e po ten t ia l
socia l iz ing agen ts m a y inc lude o n e ' s i m m e d i a t e
superv isor , a co l league in t h e sc ien t i s t ' s depar t -
m e n t or research ins t i tu te , a co l league in ano the r
agr icu l tura l sc ience d e p a r t m e n t o r ano the r re-
search ins t i tu te , a research ass is tan t or t echn i -
c ian , a g radua te or pos tdoc to ra l s t uden t , a f o r m e r
pro fessor , a d i rec to r of o n e ' s research faci l i ty , a 
c l ien t or po ten t ia l user, or a research r e v i e w
c o m m i t t e e . H o w d o t h e s e var ious sou rces o f
i n f l uence a f fec t t h e var ious d i m e n s i o n s o f re-
search fo r s o r g h u m sc ien t is ts? A t w h a t po in t i n
the i r careers are par t icu lar sou rces in f luent ia l a n d
w h o are t h e m o s t impo r tan t pe r sons i n shap ing
t h e s e research dec is ions?
Equal ly i m p o r t a n t is an unde rs tand ing o f t h e
na tu re o f each sc ien t i s t ' s research on s o r g h u m .
To w h a t e x t e n t can i t be charac te r ized as basic ,
app l ied o r d e v e l o p m e n t ? Do sc ien t i s ts d iv ide the i r
t i m e b e t w e e n research , admin i s t ra t i on , e x t e n -
s ion , and teach ing? H o w d o e s th is a f fec t t h e
quan t i t y and qua l i ty o f the i r w o r k ?
A n o t h e r impo r tan t d i m e n s i o n i n t h e p rocess o f
research on s o r g h u m i s t h e role o f b o t h f o r m a l
a n d in fo rma l c o m m u n i c a t i o n . Carol Ganz (1976, p .
387} recen t l y e x a m i n e d t h e ro le o f sc ient i f i c
c o m m u n i c a t i o n i n t h e p rocess o f techno log ica l
i nnova t ion and c o n c l u d e d tha t " t h r o u g h i m p r o v e d
unde rs tand ing o f t h e i n f o r m a t i o n f l o w and m a n -
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Processes o f R e s e a r c h
D e c i s i o n - m a k i n g
A n unders tand ing o f t h e s t r uc tu re o f t h e s o r g h u m
research s y s t e m m u s t a lso inc lude an exam ina -
t i on o f t he p r o c e s s e s by w h i c h tha t research
s y s t e m func t i ons . W h i l e i t i s necessa ry t o v i e w
t h e s o r g h u m research s y s t e m as a b road socia l
s y s t e m e m b e d d e d in, i n f l uenced by, a n d in f luenc-
ing pol i t ical , socia l a n d e c o n o m i c ins t i tu t ions , t h e
research s y s t e m is a lso a socia l n e t w o r k cons is t -
ing o f indiv iduals a n d g roups o f ind iv iduals w h o
have needs , des i res , goa ls , persona l i t y t ra i ts , and
var ious expe r i ences a n d w h o a t t e m p t t o i n f l uence
o n e ano the r in a var ie ty o f w a y s . W h i l e sc ien t i s t s
are o f t e n s e e m i n g l y f r ee t o s t u d y w h a t t h e y w i s h ,
the i r i n te res ts m a y be s t rong ly i n f l uenced by
socia l psycho log ica l f ac to rs as w e l l as s t ruc tu ra l
fac to rs s u c h as pol i t ical and e c o n o m i c f o r c e s .
W h a t sc ien t i s ts s tudy , t h e m e t h o d s a n d theo r i es
t h e y use i n the i r s tud ies , a n d h o w t h e y c h o o s e t o
p resen t the i r resu l t s are all dec i s ions w h i c h m a y
be in f l uenced by nonsc ien t i f i c var iab les .
The d e m o g r a p h i c b a c k g r o u n d o f researchers
a n d research admin i s t ra to rs m a y in f l uence , o r be
re la ted t o , t h e n a t u r e o f agr icu l tura l research on
s o r g h u m . For e x a m p l e , Z u c k e r m a n (1977) in he r
s t u d y o f N o b e l Prize w i n n i n g sc ien t i s t s f o u n d tha t
t h e y t e n d e d to have a n u m b e r o f d e m o g r a p h i c
a g e m e n t var iab les invo lved in t h e innovat ion
p rocess , cons iderab le leverage can be exe r t ed to
i m p r o v e t h e Research and D e v e l o p m e n t p rocess ,
and w i t h it, reduce t h e cos ts o r increase t h e
bene f i t s o f research i n v e s t m e n t . " Sc ient is ts c o m -
m u n i c a t e in a var ie ty o f w a y s bu t t h e nature of
tha t c o m m u n i c a t i o n a n d i ts e f f ec t s on research
are no t c lear ly unde rs tood . They c o m m u n i c a t e
fo rma l l y t h r o u g h t h e pub l ica t ion o f journal ar t ic les,
bu l le t ins , abs t rac ts , repor ts , and n e w s l e t t e r s .
T h e y also c i rcu la te prepr in ts and read and ex-
c h a n g e papers a t p ro fess iona l soc ie ty m e e t i n g s
a n d s e m i n a r s s u c h as th is o n e on S o r g h u m in t h e
Eight ies . In add i t ion , sc ien t i s ts ut i l ize data bases
and i n fo rma t i on cen te rs such as t h e S o r g h u m and
Mi l l e t s I n fo rma t i on Cen te r (SMIC) w h i c h seek to
co l lec t , co l la te , and d i s s e m i n a t e c o m p r e h e n s i v e
in fo rma t i on on s o r g h u m to research w o r k e r s all
ove r t h e w o r l d . The impac t o f t h e s e var ious
sou rces o f i n fo rma t i on on research p rocesses and
p r o d u c t s n e e d s t o b e m o r e ful ly assessed . W h i c h
sou rces do s o r g h u m sc ien t is ts ut i l ize to d i ssem i -
na te the i r f ind ings? W h i c h sou rces do t hey
subsc r i be t o a n d r e v i e w regular ly? H o w impor tan t
are each o f t h e s e f o rma l c o m m u n i c a t i o n sou rces
in the i r research?
W h i l e t h e fo rma l c o m m u n i c a t i o n s y s t e m i s
genera l ly recogn ized as very impo r tan t to t h e
research s y s t e m , a neg lec ted area is t h e in fo rma l
c o m m u n i c a t i o n n e t w o r k . Impor tan t l y , t w o recent
s tud ies (Kelly, Kranzberg, Carpenter and Rossini
1977) c o n c l u d e d tha t peop le a n d no t f o r m a l
channe ls o f c o m m u n i c a t i o n are m o r e e f fec t i ve for
t r a n s m i t t i n g techn ica l i n fo rma t ion . Fu r the rmore ,
t h e s e t w o s tud ies a d m o n i s h e d sc ient i f ic and
techn ica l i n fo rma t i on supp l ie rs t o c o n c e d e tha t
t h e fo rma l channe ls o f c o m m u n i c a t i o n are no t
tha t use fu l to researchers in organizat ions a n d
tha t i n fo rma l channe ls w i l l con t i nue as t h e d o m i -
nan t f o r m o f c o m m u n i c a t i o n . I n fo rma t ion i s
n e e d e d on t h e nature , ex ten t and impac t o f t h e
in fo rma l c o m m u n i c a t i o n n e t w o r k s . W i t h w h o m
d o s o r g h u m researchers c o m m u n i c a t e regard ing
the i r research and h o w o f ten? Is i t on ly w i t h
sc ien t i s t s i n the i r o w n d e p a r t m e n t s and ins t i tu -
t i ons o r do t h e y conve rse across disc ip l inary and
ins t i tu t iona l boundar ies? W h a t is t h e nature o f
s o r g h u m sc ien t is t i n v o l v e m e n t w i t h var ious na-
t ional techn ica l c o m m i t t e e s re levant t o s o r g h u m
research? W h a t are t he f o rma l and in fo rma l
c o m m u n i c a t i o n s a m o n g sc ien t is ts in nat ional sor-
g h u m research p rog rams and re la ted grain p rog -
rams? To w h a t ex ten t are t he re c o m m u n i c a t i o n
Research Products
The m o s t e f fec t i ve and e f f ic ient research s y s t e m ,
h o w e v e r , is of relat ively l i t t le va lue i f t h e p r o d u c t s
i t c reates do not serve their i n tended pu rpose . We
take i t as ax iomat ic here tha t s o r g h u m research in
deve lop ing count r ies is a i m e d a t i m p r o v i n g t h e
level o f l iv ing of peasant p roducers and increas ing
f o o d avai lable t o c o n s u m e r s . Yet , a s D u m o n t a n d
Cohen (1980, p . 44) have n o t e d , " i n t h e f ina l
analysis, f o o d on the marke t is i r re levant as a 
r e m e d y fo r hunger unless i t can be b o u g h t by
t h o s e w h o n e e d i t . " This m e a n s that f ocus i ng
upon t h e technica l ques t ion o f increas ing sor-
g h u m produc t ion m u s t be, and a lways is, inext r ic -
able f r o m the social ques t ion o f t h e d is t r ibu t ion o f
w e a l t h and power . As Pearse (1980, p . 6) no tes in
his s u m m a r y o f t h e Un i ted Nat ions s tud ies on t h e
Green Revo lu t ion , techn ica l change is a l w a y s
assoc ia ted w i t h a change in social re la t ions. The
p r o b l e m for bo th t he sc ient is t and the research
admin is t ra tor i n t he e igh t ies w i l l be h o w to assess
the var ious k inds o f potent ia l p roduc ts o f s o r g h u m
research so as to choose t h o s e w h i c h w i l l have
the m o s t benef ic ia l e f f ec t s on p roduce rs a n d
c o n s u m e r s al ike. This p rob lem is c o m p o u n d e d by
t h e fact that there are vas t d i f f e rences a m o n g s t
s o r g h u m produc ing nat ions in in f ras t ruc tu re , in
class s t ruc tu re , and in social re lat ions (Ryan a n d
B inswange r 1980).
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l inkages b e t w e e n nat ional s o r g h u m research
p rog rams in d i f fe ren t count r ies? W h a t are t h e
c o m m u n i c a t i o n n e t w o r k s b e t w e e n t h e s e sc ien -
t i s ts and internat ional p rog rams such as ICRISAT
and the U.S. A g e n c y for In ternat ional Deve lop -
m e n t sponso red Grain S o r g h u m / P e a r l M i l l e t Co l -
laborat ive Research Suppor t P rogram ( INTSOR-
MIL)? W h a t i s t he nature o f con tac t b e t w e e n
m e m b e r s o f t he s o r g h u m research c o m m u n i t y
and o ther nonagr icu l tura l sc ient is ts , admin is t ra -
to rs , f und ing agenc ies and ex tens ion staff , and
fa rmers? Finally, h o w do t h e s e pa t te rns and
processes a f fec t t he o u t c o m e s o f research?
These issues and ques t i ons regard ing t h e
processes o f research are impor tan t fo r be t te r
unders tand ing h o w k n o w l e d g e o f s o r g h u m i s
p roduced and d i f fused w i t h i n t h e sc ient i f ic c o m -
m u n i t y and to t h e publ ic a t large. M o r e o v e r ,
a n s w e r s to t hese ques t ions o f t h e d y n a m i c s o f
s o r g h u m research are also impor tan t fo r imp ro -
v ing t he e f fec t i veness and e f f i c iency o f s o r g h u m
research.
A s w e look t o t h e e igh t ies , w e n e e d t o k n o w
m o r e abou t h o w t o assess n e w techno log ies ,
h o w t o i m p r o v e t h e e f f ec t i veness o f t h e research
s y s t e m in t e r m s o f b o t h i ts p r o d u c t s a n d i ts
p rocesses , a n d h o w to es tab l i sh a p roduc t i ve
d ia logue a m o n g sma l l f a n n e r s , c o n s u m e r s , a n d
researchers . Such tasks a re m a d e e v e n m o r e
urgen t by t h e necess i t y o f supp l y ing f o o d fo r an
increas ing popu la t i on .
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Conclusions
I n s u m . s o r g h u m research l ike o t h e r agr icu l tura l
research , requ i res an i n teg ra ted ins t i tu t iona l s t ruc -
t u re w h i c h i s adequa te l y f u n d e d a n d d e v o t e d t o
f o o d p roduc t i on fo r h u m a n c o n s u m p t i o n . T h e
muf t i - layered s t r uc tu re shou ld cons is t o f in terna-
t iona l , reg ional , nat ional a n d local research ins t i tu -
t i ons coo rd ina ted t o se rve b o t h p roduce rs a n d
c o n s u m e r s . Th is research s y s t e m requ i res a 
c o m m u n i t y o f w e l l t ra ined sc ien t i s t s w h o have
a d e q u a t e research resources a n d su f f i c ien t i ncen -
t i ves to pu rsue re levant research . In add i t ion , i t
requ i res e f f ec t i ve f o r m a l a n d in fo rma l sc ien t i f i c
c o m m u n i c a t i o n n e t w o r k s a m o n g all sc ien t i s ts
invo lved in s o r g h u m re la ted research . Final ly, t h i s
s y s t e m requ i res p rocedu res fo r assess ing t h e
mu l t i p l e c o n s e q u e n c e s o f cu r ren t research (e.g. ,
y ie ld stabi l i ty , f o o d qual i ty , labor d i s p l a c e m e n t ,
s o c i o e c o n o m i c equ i ty ) and fo r eva lua t ing a l terna-
t i ve research t ra jec to r ies . T h e s e are t h e cha l -
l enges o f t h e e igh t ies .
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T h e w o r l d area o f s o r g h u m n o w e x c e e d s 5 0
mi l l ion hec ta res (Table 1). I t has been g r o w i n g
s ince 1964 at t h e ra te o f 0.37 mi l l ion hectares
Sorghum Trends
and their Implications
Rather than r e v i e w the f i ve papers I w a s asked to
d i scuss in t h e soc i oeconom ic sess ion o f t he
" S o r g h u m in t h e E igh t ies " s y m p o s i u m , I p ropose
to bu i ld upon s o m e o f the i r t h e m e s and add a f e w
of my o w n . I w i l l take a s o m e w h a t broader v i e w o f
t h e cons t ra in ts to s o r g h u m p roduc t i on , i ts marke t -
ing , and t h e conduc t o f research than the au thors
o f t h e papers . This i s not m e a n t to u n d e r m i n e
the i r use fu l con t r ibu t ions bu t t o c o m p l e m e n t
t h e m .
The paper inc ludes a d iscuss ion of past and
fu tu re t rends i n w o r l d s o r g h u m p roduc t ion , c o n -
s u m p t i o n and d e m a n d w h i c h h igh l igh ts t h e par t i -
cular p r o b l e m s w h i c h t he coun t r ies o f sub-Sahara
Af r ica m a y face in t he 1980s. The impo r tance o f
d o c u m e n t i n g and unders tand ing the adop t ion o f
" m a t u r e " s o r g h u m innovat ions i n t he con tex t o f
ex an te des ign o f subsequen t n e w techno log ies i s
t h e n add ressed . The role o f marke ts , in f rast ruc-
tu re , de l i very s y s t e m s , and re lated pol icy init ia-
t i ves are cons ide red as t hey a f fec t s o r g h u m
produc t i on and adop t ion . Cri ter ia fo r de t e rm i n i ng
t h e a l locat ion o f research resources a m o n g s t t h e
var ious s o r g h u m p roduc ing reg ions o f t h e SAT are
inc luded . S o m e d iscuss ion o f poss ib le f u t u r e
pr ior i t ies i n s o r g h u m breed ing f o l l o w s w i t h t h e
p e n u l t i m a t e sec t ion d e v o t e d to t he potent ia l
con t r i bu t i on tha t a f a rm ing s y s t e m s approach to
s o r g h u m research cou ld m a k e in t h e e igh t ies . A 
conc lud ing s t a t e m e n t t h e n e m e r g e s .
J. 6. Ryan* Discussant—1
Session 8 Socioeconomic Considerations
annual ly.1 W h e n c o m b i n e d w i t h t h e s t e a d y
g r o w t h in y ie lds o f 25 k g / h a per year ove r t h e
s a m e per iod (2 .2%), t he area expans ion has led to
an annual t rend g r o w t h in s o r g h u m p roduc t ion o f
1.66 mi l l ion tonnes . 2 This represen ts a c o m p o u n d
annual g r o w t h rate o f p roduc t ion o f 2 . 9 0 % . We
have e s t i m a t e d f r o m a s tudy by t h e W o r l d Bank
(1977) tha t up to 1985 the annual rate o f g r o w t h in
d e m a n d for coarse grains in deve lop ing coun t r i es
w i l l be 3 . 6 0 % . This c o m p a r e s w i t h t h e e s t i m a t e o f
Aziz (1976) for t he less deve loped marke t e c o n o -
m ies o f 3 . 5 5 % f r o m 1980 t o 1990 and 3 . 5 7 %
f r o m 1980 to 2000 . FAO (1971) e s t i m a t e s annua l
c o m p o u n d g r o w t h rates o f d e m a n d fo r coarse
cereals f r o m 1980 to 1985 o f 2 . 6 9 % for deve lop -
ing marke t economies . 3 These f igures sugges t
that d e m a n d pressures for s o r g h u m m a y bu i ld in
the 80s and exceed histor ical g r o w t h ra tes in
w o r l d p roduc t ion .
S o r g h u m product ion has g r o w n a t an annua l
rate o f 3 . 8 0 % in t he deve lop ing coun t r ies o f t h e
semi-ar id t rop ics (SAT) f r o m 1964 to 1978. Th is is
a m u c h be t te r record than in t h e d e v e l o p e d
1 . D e r i v e d f r o m l inear t r e n d l ines f i t t e d t o F A O da ta f r o m
1 9 6 4 to 1978. T h e e q u a t i o n is : A rea ( ' 000 ha) = 
4 5 2 3 0 + 370 t , w h e r e t = t i m e in yea rs a n d t h e f i g u r e
(3.4)
i n p a r e n t h e s e s i s t h e e s t i m a t e d t -va lue o f t h e c o e f f i -
c i e n t on t i m e . T h e yea r 1 9 6 4 imp l i es t = 1 . T h e R 2 w a s
0 . 4 8 .
2 . T h e respec t i ve l inear t r e n d e q u a t i o n s a r e : Y ie ld
( kg /ha ) = 1008 + 2 5 t w i t h R 2 o f 0 . 7 4 ; a n d P r o d u c t i o n
(6.0)
( ' 000 m e t r i c t ons ) = 4 5 0 5 1 + 1 6 5 7 t w i t h R 2 o f 0 . 9 2 .
(12.1)
3 . Add i t i ona l d e m a n d no t a c c o u n t e d f o r i n t h e a b o v e
p ro j ec t i ons m a y a lso de r i ve f r o m e x p a n d e d u s e o f
s o r g h u m as a s o u r c e o f f e e d s t o c k f o r p r o d u c t i o n o f
a l coho l to rep lace o i l . Th is i s a l ready o c c u r r i n g in t h e
U.S. a n d Brazi l (Scha f fe r t a n d G o u r l e y 1982) .
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T a b l e 1 . A n n u a l a v e r a g e a r e a , p r o d u c t i o n , a n d y i e l d s o f s o r g h u m i n v a r i o u s r e g i o n s o f t h e w o r l d , 1 9 7 5 - 7 8 . *
R e g i o n s
A r e a
( '000 ha)
P r o d u c t i o n
( ' 000 t o n n e s )
Y ie ld
( k g / h a )
Semi -a r i d t r o p i cs
A . D e v e l o p e d m a r k e t e c o n o m i e s
O c e a n i a 4 8 5 9 2 4 1 9 0 5
S u b t o t a l (A)
B . L e s s d e v e l o p e d m a r k e t e c o n o m i e s
A f r i ca S o u t h o f Sahara
N o r t h a n d Cen t ra l A m e r i c a
S o u t h A m e r i c a
As ia
4 8 5
12 9 7 3
1 4 7 3
2 4 5 5
17 8 3 2
9 2 4
8 741
3 8 4 5
6 6 0 7
12 2 9 8
1 9 0 5
6 7 4
2 6 1 0
2 6 9 1
6 9 0
S u b t o t a l (B) 3 4 7 3 3 31 4 9 1 9 0 7
Al l SAT ( A + B ) 3 5 2 1 8 3 2 4 1 5 9 2 0
Res t o f t h e w o r l d
C . D e v e l o p e d m a r k e t e c o n o m i e s
A f r i ca S o u t h o f Sahara
N o r t h a n d Cen t ra l A m e r i c a
A s i a
E u r o p e
O c e a n i a
3 5 6
5 8 4 1
4
144
4 1 8
19 137
16
5 6 0
1 1 7 4
3 2 7 6
4 0 0 0
3 8 8 9
S u b t o t a l (C) 6 3 4 5 2 0 131 3 1 7 2
D . L e s s d e v e l o p e d m a r k e t e c o n o m i e s
A f r i c a S o u t h o f Sahara
N o r t h a n d Cen t ra l A m e r i c a
S o u t h A m e r i c a
As ia
E u r o p e
O c e a n i a
6 3 2
3 3 1
2 7 1
17
7 7 8
3 8 3
6 1 3
15
1231
1 1 5 7
2 2 6 2
8 8 2
S u b t o t a l (D) 1 251 1 7 8 9 1 4 3 0
E. Cen t ra l l y p l a n n e d e c o n o m i e s *
S u b t o t a l (E)
R e s t o f w o r l d ( C + D + E )
W o r l d ( A + B + C + D + E )
7 8 3 9
15 4 3 5
5 0 6 5 3
11 9 5 9
3 3 8 7 9
6 6 2 9 4
1 5 2 6
2 1 9 5
1 3 0 9
a . S o u r c e : F o o d a n d A g r i c u l t u r e O r g a n i z a t i o n ( v a r i o u s y e a r s ) .
b . B e f o r e t h e e a r l y 1 9 7 0 s , F A O r e p o r t e d C h i n a ' s s o r g h u m p r o d u c t i o n a s v i r t u a l l y n i l . I n s t e a d , i t w a s r e p o r t e d u n d e r m i l l e t s . I n t h e
m i d - 1 9 7 0 s . F A O b e g a n r e p o r t i n g C h i n a ' s s o r g h u m p r o d u c t i o n s e p a r a t e l y . W e e s t i m a t e d ea r l i e r p r o d u c t i o n a s b e i n g ha l f o f t h e m i l l e t
f i g u r e s b a s e d o n t h e p r o p o r t i o n s p u b l i s h e d b y F A O a f t e r t h e m i d - 1 9 7 0 s .
— — —
—
—
—
—
—
—
coun t r i es , w h e r e p r o d u c t i o n . has g r o w n by only
1 .49% dur ing t h e s a m e per iod. 4
I t w o u l d s e e m that t he deve lop ing count r ies ,
inc lud ing t hose in t h e SAT, w i l l be in a m o r e
a d e q u a t e s u p p l y - d e m a n d ba lance fo r coarse
grains in t h e 1980s and 1990s than t h e deve loped
coun t r i es . H o w e v e r , t he re are d i f fe rences in
s o r g h u m p roduc t i on t rends in t he var ious reg ions
o f t h e SAT w h i c h sugges t the re w i l l be substant ia l
reg ional imba lances b e t w e e n supp ly and d e m a n d
(Table 2). On ly in t h e No r th , Cent ra l , and Sou th
A m e r i c a n and o the r As ian SAT reg ions has sor-
g h u m p roduc t ion g r o w n fas ter than popu la t ion .
The Un i t ed Sta tes D e p a r t m e n t o f Agr i cu l tu re
(USDA 1980, p. i) in a recent s tudy po in ted o u t :
"Sub-Saharan Af r ica is t h e on ly reg ion in t he w o r l d
w h e r e per capi ta f o o d p roduc t ion dec l ined over
t h e past t w o decades " In 1978, t h e index of per
capi ta f o o d p roduc t ion in t he 40 coun t r ies o f
Sub-Saharan Af r ica (SSA) w a s abou t 2 1 % b e l o w
t h e level in 1 9 6 1 - 6 5 . In Asia, t he index rose 1 5 %
dur ing t h e s a m e per iod , w h i l e in Lat in Amer i ca i t
rose 1 3 % (USDA 1980, p . 2). Pro jec ted f o o d
impo r t gaps for SSA in 1990 under var ious
a s s u m p t i o n s range f r o m 9.5 to 21.1 mi l l ion
t o n n e s . In add i t ion , es t ima tes o f u n m e t f o o d
n e e d s in 1990 requ i red to br ing d ie ts up to
m i n i m u m calor ie c o n s u m p t i o n levels o f 2 3 0 0
(ca l /pe rson per day) range f r o m 9.1 to 13 mi l l ion
tonnes. 5 Current f o o d impor t s in SSA cos t abou t
6 0 0 % m o r e than they d id i n 1970 and rep resen t
2 2 0 % of t he 1970 v o l u m e (USDA 1980, p . 6). As a 
resul t t he re are severe balance of p a y m e n t s
p rob lems . The p resent and prospec t i ve f o o d a n d
nut r i t ion p rob lem in SSA is bo th a p roduc t ion a n d
dis t r ibut ion p rob lem. This is un l ike par ts of As ia
and Lat in Amer i ca w h e r e t he p r o b l e m is pr imar i ly
o n e of d is t r ibut ion. In SSA " A g g r e g a t e supp l ies
are i n a d e q u a t e — e v e n assuming tota l ly equal i ta-
rian (sic) d i s t r i bu t i on " (USDA 1980, pp . 4 9 - 5 0 ) .
For t he above reasons, i t w o u l d s e e m tha t t h e
ma jo r agr icu l tura l research and d e v e l o p m e n t
e f fo r ts o f t he 80s in so rghum shou ld f ocus on t h e
SSA region.
Araker i (1982) po ints ou t that t he pro jec t ions of
t he Nat ional C o m m i s s i o n on Agr icu l tu re , NCA,
ind icate a sat is factory supp ly -demand ba lance fo r
cereals in India in the year 2000 , inc lud ing coarse
grains, p rov ided yie lds (in t he case of so rghum)
cou ld be increased by 7 0 % . Yields o f s o r g h u m in
India have been g r o w i n g annual ly by 1 .56% f r o m
1960 to 1978. At th is rate i t w o u l d take to t h e year
2 0 1 0 to reach the y ie ld o f 1.2 t / h a used by t h e
NCA to arrive a t its conc lus ion on t h e supp ly -
d e m a n d balance for s o rghum. I f y ie lds g r o w at
2 . 1 6 % annual ly, the target cou ld be ach ieved by
2000 . This g r o w t h rate is w e l l w i t h i n t he range o f
possib i l i t ies as, s ince 1970, y ie lds have g r o w n at
m o r e than 7% per year.
Araker i sugges ts that d e m a n d for s o r g h u m fo r
h u m a n food in India in the fu tu re is no t p ro jec ted
to rise nearly to t he same ex ten t as d e m a n d fo r
s o r g h u m for an imal f ood purposes . This is sup-
po r ted by Aziz (1976), w h o es t ima tes that for t h e
less deve loped count r ies coarse grain d e m a n d fo r
h u m a n f o o d w i l l g r o w by only 2 . 5 % annual ly
b e t w e e n 1970 and 2000, w h e r e a s coarse gra in
f e e d d e m a n d w i l l g r o w by 5 . 3 % . Expend i tu re
elast ic i t ies der ived by Radhakr ishna and M u r t y
(1980) for India indicate a m u c h larger p ropens i t y
to c o n s u m e meat , f i sh , eggs , and mi lk p roduc ts
than coarse grains as i n c o m e s rise (Table 3). As
the convers ion ratio o f grain to mea t , pou l t ry ,
eggs , and mi lk is very large, th is w i l l cause t h e
der i ved d e m a n d for coarse gra ins, to f e e d ani -
4. T h e g r o w t h ra tes have b e e n d e r i v e d u s i n g F A O da ta
(var ious years ) .
5 . T h e U S D A repor t p o i n t s o u t t ha t t h e s e e s t i m a t e s a re
c o m p a r a b l e w i t h t h o s e recen t l y m a d e b y F A O a n d t h e
In te rna t iona l Food Pol icy Resea rch I n s t i t u t e ( IFPRI).
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T a b l e 2 . A n n u a l c o m p o u n d g r o w t h r a t e s o f sor-
g h u m p r o d u c t i o n a n d p o p u l a t i o n i n s e v e n
r e g i o n s o f t h e S A T .
A n n u a l g r o w t h ra tes (%)
S o r g h u m Popu la t i on
p r o d u c t i o n (p ro jec ted)
R e g i o n 1 9 6 1 - 7 8 1 9 7 8 - 1 9 9 0 )
India 1.15 2 .23
E a s t e r n A f r i c a 2 .19 3 .25
W e s t A f r i ca - 0 . 3 9 4 . 1 4
S o u t h e r n A f r i ca 1.82 2 8 9
O t h e r A s i a n 3 .36 2 .66
N o r t h , C e n t r a l , S o u t h A m e r i c a 12 .50 2 .84
N e a r East - 2 . 0 3 3 .26
S o u r c e s . F A O a n d p r o j e c t i o n s f r o m t h e I n t e r n a t i o n a l F o o d
P o l i c y R e s e a r c h I n s t i t u t e d a t a t a p e s .
High-y ie ld ing var ie t ies (HYVs) o f s o r g h u m have
b e e n avai lable in India fo r s o m e 15 years . La tes t
f i gu res pu t t h e adop t i on rate a t on ly 1 6 % o f t h e
s o r g h u m area (Fig. 1). In the i r paper , v o n O p p e n
a n d Rao (1982) p resen t data on t r ends in t h e
con t r ibu t ion o f t h e var ious s ta tes to India 's to ta l
s o r g h u m p roduc t i on . W h e n t h e s e are c o m p a r e d
w i t h s ta te y ie ld t r ends , s o m e puzzles e m e r g e .
S o r g h u m y ie lds in Gujarat and Karnataka have
b e e n g r o w i n g a t ra tes far in e x c e s s o f any o the r
s ta te . Since 1 9 5 4 - 5 7 average y ie lds in b o t h
s ta tes have d o u b l e d ; ye t du r i ng t h e s a m e per iod
the i r shares in India 's s o r g h u m area dec l i ned by 2 
a n d 6.4 pe rcen tage po in ts , respect ive ly . 6
W h y d id t h e s e s ta tes , w h e r e p roduc t i v i t y has
b e e n g r o w i n g fas tes t , and w h i c h p resumab l y
the re fo re had an inc reased compa ra t i ve advan-
t a g e i n s o r g h u m p roduc t i on , b e c o m e less impor -
tant s o r g h u m p roducers? W h y d id Maharash t ra
increase its share by m o r e than any o the r s ta te (7
pe rcen tage po in ts) du r ing a pe r i od w h e n i ts
s o r g h u m y ie lds i nc reased by on ly 4 0 % ? Part o f
t h e exp lanat ion fo r Karnataka 's y ie ld p e r f o r m a n c e
m a y b e t h e h igher s o r g h u m pr i ces v o n O p p e n a n d
Rao repor t f o r t ha t s ta te , w h i c h m i g h t have
caused i t to reco rd t h e h ighes t ra te o f adop t i on o f
HYVs (Fig. 1). Bu t i f s o r g h u m pr ices in Karnataka
have been so h igh , w h y has i t had t h e l o w e s t
m a r k e t e d surp lus (7 .6%) , and w h y has i ts share in
Ind ia 's s o r g h u m p roduc t i on dec l i ned so subs tan -
t ial ly? By con t ras t . Gujarat has t h e s e c o n d h i ghes t
m a r k e t e d surp lus (23 .4%) , and on ly a 4% rate o f
adop t ion o f HYVs. ye t i ts y ie lds have b e e n
g r o w i n g a t t h e h ighes t ra te. Th is requ i res f u r t he r
s tudy .
I n coun t r i es l ike India w h e r e " m a t u r e " s o r g h u m
H Y V innova t ions have b e e n avai lable fo r m a n y
yea rs t he re i s a n e e d n o w to s t u d y t h e reasons fo r
6. T h e s e w e r e t h e l a rges t d e c l i n e s a m o n g t h e s t a t e s .
apparen t ce i l ing ra tes o f adop t i on . To d a t e , e igh t
hybr ids and seven var ie t ies have b e e n re leased by
t h e Al l India Coord ina ted S o r g h u m I m p r o v e m e n t
Pro ject (Araker i 1982). Exper ience in t h e ICRISAT
vi l lage- level s tud ies (VLS) in Sou th India w o u l d no t
suppor t Busch and Lacy 's (1982) c la im tha t m o s t
s o r g h u m f a r m e r s are u n a w a r e o f t h e ex i s t ence o f
research and e x t e n s i o n serv ices and o f t h e H Y V s
t h e y purvey . S imp ly because adop t ion i s l o w fo r
o n e c rop i n t h e f a rm ing s y s t e m d o e s no t a l l o w
o n e t o conc lude th is . W e f ind tha t t h e s a m e Indian
f a r m e r s w h o g r o w hybr id c o t t o n , HYV cas tor and
paddy, and use fer t i l izers and chem ica l sprays on
t h e m , o f t e n d o no t g r o w HYVs o f s o r g h u m .
Rastog i and Annamala i (1981) f o u n d tha t in t h e
rainy season in f i ve d ry land cen te rs in India w e l l
se rved by ex tens ion agenc ies and sc ien t i s ts ,
average adop t ion o f HYVs o f s o r g h u m w a s on ly
2 2 % , w i t h a range o f f r o m zero t o 1 0 0 % . This w a s
in sp i te o f d e m o n s t r a t i o n p lo ts w h i c h y ie lded
1 7 2 % m o r e t h a n t rad i t ional p lo ts and inc reased
pro f i t s by 9 0 % (Rastogi 1981). Rastog i and
Annama la i f o u n d tha t adop t ion o f r e c o m m e n d e d
fer t i l izers and p lant p ro tec t i on m e a s u r e s w a s
equal ly poor (Table 4).
The h igh cos t o f i m p r o v e d s e e d s a n d suscep t i -
b i l i ty o f t he h igh-y ie ld ing var ie t ies to pes ts a n d
d iseases w e r e t h e major reasons g iven by far-
m e r s fo r nonadop t i on . H igh pr ices , fear o f c r o p
fai lure i f rains w e r e inadequate , and capi ta l c o n -
s t ra in ts w e r e s ta ted t o be t h e reasons fo r n o n -
adop t i on o f fer t i l izer r e c o m m e n d a t i o n s . Plant p ro-
tec t i on w a s ignored largely because o f i ts h igh
cos t , bu t also d u e to t he lack o f techn ica l adv ice
on t i m i n g and spray ing t echn iques . The q u e s t i o n
o f nonadop t i on o f " m a t u r e " innovat ions hence
w o u l d s e e m t o b e re la ted m o r e t o t h e na tu re a n d
character is t ics o f t h e t e c h n o l o g y avai lable ra ther
than to t h e avai labi l i ty o f i n fo rma t i on and t h e
s o c i o e c o n o m i c character is t ics o f po ten t ia l adop-
te rs .
In a s t u d y of t h e reasons for t h e leve l ing o f f o f
adop t i on o f hybr id maize a t 5 5 % o f t h e p lan ted
area in E l Salvador, W a l k e r (1980) f o u n d t h e m o s t
s ign i f icant d e t e r m i n a n t o f adop t ion w a s po ten t ia l
d rough t s t ress in a reg ion . Nonadop te r s w e r e
genera l ly t h o s e w h o had t o c o n t e n d w i t h errat ic
rainfal l r eg i mes a n d s h a l l o w soi ls in t h e p roduc t i on
o f ma ize . Farm s ize, t enu re , schoo l ing , a n d u s e o f
ins t i tu t iona l c red i t d i d no t cons t ra in adop t i on as
m u c h as env i r onmen ta l var iables re la ted to loca-
t i on -spec i f i c t opog raph i ca l , c l imato log ica l , a n d
edaph ic character is t ics . The re lat ive lack o f d e -
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m a l s , t o g r o w rapidly i n f u t u r e . Th is w i l l have
impl ica t ions fo r s o r g h u m b reed ing s t ra teg ies in
t h e SAT in t he 80s . In part icular, t he re m a y be
mer i t i n conduc t i ng separa te b reed ing p r o g r a m s
for f o o d and f e e d pu rposes in t h e SAT coun t r i es ,
perhaps a lso inc lud ing eva luat ion o f h igh sugar
s o r g h u m s be ing d e v e l o p e d in t h e U.S. and Brazi l .
v e l o p m e n t o f i m p r o v e d locat ion-speci f ic HYV sor-
g h u m cul t ivars in India in favor o f t h o s e w i t h w i d e
adaptabi l i ty , m a y w e l l be part o f t h e exp lanat ion
for t he ce i l ing adop t ion rates we obse rve i n
Figure 1 .
An u rgen t research pr ior i ty in t h e 1980s i s to
under take s tud ies pa t te rned o n t h e W a l k e r m o d e l
in India and in o the r coun t r i es hav ing " m a t u r e "
s o r g h u m techno log ies and l o w cei l ing adop t ion
levels . O n l y t h e n w i l l w e b e con f i den t tha t t h e
plea o f Araker i (1982) fo r d e v e l o p m e n t o f m o r e
l o c a t i o n - s p e c i f i c s o r g h u m g e n o t y p e s i s t h e
appropr ia te research s t ra tegy fo r ach iev ing t h e
s ix fo ld increase in t he area of HYVs in India
pro jec ted fo r t he year 2 0 0 0 by t h e Nat ional
C o m m i s s i o n on Agr icu l tu re .
Farmers ' percep t ions o f t h e r isks o f adop t ion o f
innovat ions w e r e s h o w n to be a ma jor d e t e r m i -
nant of hybr id maize adop t ion in El Salvador by
W a l k e r (1981). Risk percep t ions w e r e far m o r e
impor tan t t han risk avers ion a t t i t udes in exp la in ing
adop t ion behavior , and , as f o u n d by o the rs , r i sk
avers ion a t t i tudes w e r e no t i n f l uenced by t h e
soc ioeconom ic character is t ics o f f a rme rs . Far-
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Figure 1. Adoption of HYVs of sorghum in India. 
S o u r c e : T h e F e r t i l i z e r A s s o c i a t i o n o f I n d i a ( v a r i o u s e d i t i o n s ) a n d G o v e r n m e n t o f I n d i a ( 1 9 8 0 ) .
N o t e : O n l y m a j o r p r o d u c i n g s t a t e s a r e s h o w n .
Years
Maharasht ra
Madhya
Pradesh
Karnataka
26
24
22
2 0
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8
6
4
2
0
66-67 68 69 70 71 72 73 74 75 76 77 78
Al l India
Andhra
Pradesh
m e r e co r rec t l y pe rce i ved t h e d i f fe ren t ia l p e r f o r m -
ance o f hybr ids a n d local var ie t ies u n d e r d r o u g h t
s t resses i n t h e var ious reg ions s t ud i ed . T h e
ob jec t i ve probabi l i t ies o f d r o u g h t genera l l y ' s u p -
p o r t e d t h e be l ie fs o f f a r m e r s . N o n a d o p t e r s be-
l ieved tha t d rough t w a s m o r e i n t ense i n the i r
v i l lage a n d tha t local var ie t ies w e r e super io r t o
hybr ids i n w i t h s t a n d i n g o r escap ing d rough t .
In a l inear r isk p r o g r a m m i n g s t u d y in No r theas t
Brazi l . G o o d w i n e t al. (1980) s h o w e d tha t e v e n
w i t h h igh levels o f r isk avers ion , n e w s o r g h u m
t e c h n o l o g y shou ld be a d o p t e d by f a r m e r s e v e n i f
r isks a re pe rce i ved by f a rme rs t o be h igher t h a n
t h e y are. Reduc ing risk avers ion to ni l f r o m
m o d e r a t e leve ls on ly inc reased f a r m i n c o m e s
4 6 % b y e m p l o y i n g o p t i m u m changes i n en te r -
p r i se a n d t e c h n i q u e cho ices , w h e r e a s r e m o v i n g
risk m i s p e r c e p t i o n s to ni l i nc reased i n c o m e s by
6 3 % . I f r isk m i s p e r c e p t i o n s w e r e absen t , t h e n
p r e s e n t leve ls o f f a r m e r r isk avers ion w e r e s h o w n
7 0 4
T a b l e 4 . A d o p t i o n o f r e c o m m e n d e d t e c h n o l o g y f o r s o r g h u m i n r a i n f e d p r o j e c t a c r e a s I n I n d i a , 1 9 7 6 / 7 7 t o
1 9 7 9 / 8 0 .
U n i t s
(%)
Ra iny s e a s o n P o s t r a i n y s e a s o n
T e c h n o l o g y c o m p o n e n t s M e a n R a n g e a M e a n R a n g e
a
A d o p t i o n o f i m p r o v e d s e e d f a r m e r s 2 2 0 - 1 0 0 87
b 6 2 - 9 5 b
A d o p t i o n o f i m p r o v e d s e e d area 16 na 77
b na
U s e o f fe r t i l i ze rs f a r m e r s 2 5 1 - 7 9 4 1 1 4 - 7 9
U s e o f f e r t i l i ze rs a rea 2 2 0 - 8 0 1 8 9 - 3 4
U s e o f r e c o m m e n d e d l e v e l s o f n i t r o g e n f a r m e r s u s i n g 5 7 1 0 - 8 5 4 5 2 0 - 4 7
fe r t i l i ze r > 5 0 % r e c o m m e n d a t i o n
U s e o f p l a n t p r o t e c t i o n m e a s u r e s f a r m e r s 2 5 3 - 4 7 2 7 0 - 5 0
U s e o f p l a n t p r o t e c t i o n m e a s u r e s area 10 2 - 2 1 11 1 - 3 0
U s e o f i n t e r c u l t u r e a n d w e e d i n g f a r m e r s 9 6 8 6 - 1 0 0 9 5 9 3 - 1 0 0
S o u r c e : R a s t o g i a n d A n n a m a l a i ( 1 9 8 1 ) .
a . T h e r a n g e s r e f e r t o d a t a o v e r t h e 4 y e a r s f o r t h e f i v e c e n t e r s i n t h e c a s e o f t h e r a i n y s e a s o n a n d f o u r c e n t e r s i n t h e c a s e o f t h e
p o s t r e i n y s e a s o n .
b . i t i s l i k e f y t h a t t h e H Y V s i n t h i s c a s e a r e b a s e d o n t h e M a l d a n d i ( M - 3 5 - 1 ) l o c a l l y i m p r o v e d c u l t i v a r r e l e a s e d i n t h e 1 9 3 0 s . T h i s c o u l d
e x p l a i n t h e h i g h l e v e l s o f a d o p t i o n .
n a = n o t a v a i l a b l e .
T a b l e 3 . E x p e n d i t u r e a l a s t i c i t i e s f o r " o t h e r c e r e a l s ' a n d m e a t , f i s h , e g g s , a n d m i l k i n I n d i a .
L e v e l o f t o t a l
rea l m o n t h l y
e x p e n d i t u r e *
Rura l U r b a n
O t h e r M e a t , f i s h M i l k a n d m i l k O t h e r M e a t , f i s h , M i l k a n d m i l k
c e r e a l s b a n d e g g s p r o d u c t s ce rea l s b a n d e g g s p r o d u c t s
(Rs / cap i t a )
0 - 1 8 . 0 0 . 8 8 1 0 . 7 4 2 2 . 5 3 3 1.041 0 . 6 1 2 1 .200
1 8 . 1 - 2 8 . 0 0 . 5 5 7 1.170 3 . 0 3 3 0 .871 0 . 8 1 5 1.945
2 8 . 1 - 4 3 . 0 0 . 5 1 1 0 .977 1.065 0 . 9 6 2 0 . 9 7 2 1 .690
4 3 . 1 - 7 5 . 0 0 . 1 8 6 0 . 8 2 7 1.399 0 . 3 6 3 1.025 1.183
> 7 5 . 0 0 . 1 7 2 0 . 5 0 3 0 . 5 8 5 - 0 . 4 5 0 0 . 7 4 3 0 . 7 5 7
S o u r c e : R a d h a k r i s h n a a n d M u r t y ( 1 9 8 0 . p . SO).
a . I n c o n s t a n t 1 9 6 9 - 7 0 p r i c e s .
b . I n c l u d e s s o r g h u m , p e a r l m i l l e t , m a i z e , b a r l e y , s m a l l m i l l e t s , f i n g e r m i l l e t s , c h i c k p e a , a n d t h e i r p r o d u c t s .
to no t resu l t in vas t ly d i f fe ren t cho ices o f techn i -
q u e and f a r m i n c o m e s .
B o t h W a l k e r and G o o d w i n e t a l . sugges t h igh
payo f f s to t h e c o n d u c t o f on - fa rm research and
d e m o n s t r a t i o n s t o enab le f a rme rs t o cor rec t ly
pe rce ive t h e y ie ld r isks they m i g h t face w i t h n e w
s o r g h u m techno log ies . This m u s t be a pr ior i ty
h igh o n t h e research agenda fo r t h e 8 0 s . W e
shou ld no t conce rn ourse lves w i t h t he des ign o f
t echno log ies w i t h d i f fe rent ia l r isk a t t r i bu tes in t h e
bel ie f tha t th is w i l l be requ i red to ensu re adop t ion
by b o t h risk averse and risk neut ra l f a rmers . The
majo r i t y o f f a r m e r s in deve lop ing coun t r i es do no t
s e e m to d i f fe r marked ly in the i r r isk a t t i t udes
accord ing t o t he accumu la t i ng e v i d e n c e f r o m
e c o n o m i c s research.
Araker i (1982) c o n t e n d s that fer t i l izer use on
s o r g h u m in India is l im i ted to i r r igated areas and
tha t c red i t cons t ra ins i ts use by sma l l f a rme rs .
B u s c h and Lacy (1982) sugges t SAT s o r g h u m
f a r m e r s are poor and unl ikely to use in tens ive
techno logy . Jha et a l . (1981) f o u n d that in 16 of 21
d is t r i c ts o f SAT India m o r e t h a n 8 0 % o f fer t i l izer
adop te rs app l ied fert i l izer to un i r r iga ted HYVs o f
s o r g h u m . Rates o f appl icat ion w e r e h igher on
Ver t iso ls . Overa l l , m o s t f a rme rs fer t i l ized m o r e
than 6 0 % o f the i r un i r r iga ted HYV s o r g h u m s w i t h
N . and u s e d 2 1 - 4 0 k g / h a o n t h e land t h e y
fer t i l i zed. Coverage and rates w e r e s o m e w h a t
h igher on i r r igated HYVs (Table 5). This ev idence
w o u l d no t suppo r t Araker i , a n d Busch and Lacy.
In areas w h e r e HYVs have spread w ide l y , Jha e t
a l . (1981) d i scove red th i s led to a h igher propor-
t i on o f the i r area be ing fer t i l i zed, a l t hough t h e r e
w a s no t e n d e n c y for app l ica t ion rates to be
higher . T h e y sugges t tha t d is t r i c ts hav ing h igh
rates o f fer t i l izer app l ica t ion per ha s ign i fy t h e
a v a i l a b i l i t y o f r e g i o n a l l y a d a p t e d , f e r t i l i ze r -
respons ive HYVs. Those d is t r ic ts hav ing a sma l l
p ropor t ion o f c rop areas fer t i l ized have inadequa te
inst i tu t ional in f ras t ruc ture . Us ing th is s c h e m e
they ident i fy s o r g h u m d is t r ic ts in India w h e r e
techno log ica l , inst i tu t ional , or b o t h fac tors play a 
role in inhib i t ing adopt ion and use of fer t i l izers.
Th is approach can be used to he lp plan research
a n d i n v e s t m e n t s t rategies in t h e 1980s.
In a d is t r ic t analysis, Jha et a l . (1981) f o u n d
rainfal l and credi t w e r e s igni f icant de te rm inan t s o f
adop t ion and spread of N fert i l izer use on HYVs of
s o r g h u m in India. Howeve r , t hey d id n o t a f fec t t h e
rates of appl icat ion of N. In a farm- leve l analysis,
J h a and Sarin (1981) f o u n d tha t soi l m o i s t u r e
s ta tus , t ime ly s o w i n g , f a rmers ' educa t ion and
e x p e r i e n c e , ro ta t ions f o l l o w e d , and fer t i l izer
pr ices w e r e impor tan t fac tors in f luenc ing fert i l izer
use . As var iat ions in fert i l izer pr ices in t hese data
w e r e gene ra ted by cross-sect ional variabi l i ty, Jha
and Sarin sugges t th is impl ies regional imper fec -
t i ons in retai l fert i l izer t rade and t ranspor t . They
conc lude the re are the re fo re h igh payo f fs to
in f rast ructura l i m p r o v e m e n t s w h i c h w i l l have t h e
e f fec t o f reduc ing fert i l izer pr ices and increas ing
fert i l izer d e m a n d . This m u s t be a c c o m p a n i e d by
i m p r o v e d physical availabil i ty o f fert i l izers to be
e f fec t i ve . In Aurepal le vi l lage in Andhra Pradesh,
we have f o u n d there w a s a substant ia l e f f ec t i ve
d e m a n d for fert i l izers for use on ra in fed c rops
w h e n w e ensu red t h e phys ica l supp l ies w e r e
avai lable in t he vi l lage i tself , ins tead of in t h e
nearby t o w n . N o credi t w a s m a d e ava i l ab le—al l
t ransac t ions w e r e on a cash-and-carry basis .
The impor tance of credi t in cond i t ion ing cho i ce
o f t e c h n i q u e — e s p e c i a l l y for sma l l f a rme rs , as
e m p h a s i z e d by Jha a n d . Sarin ( 1 9 8 1 ) — i s i l lus-
7 0 5
T a b l e 5 . M o d a l c lasses o f fe r t i l i ze r a p p l i c a t i o n a n d s p r e a d o f H Y V s o r g h u m I n Ind ia , 1 9 7 3 / 7 4 .
M o d a l c lasses
A p p l i c a t i o n ra tes
( k g / h a fer t i l izer)
A r e a fe r t i l i zed
(% H Y V area)
N u t r i e n t I r r iga ted Un i r r i ga ted I r r iga ted U n i r r i g a t e d
N i t r o g e n (N)
P h o s p h o r u s (P2O5)
P o t a s s i u m (K2O)
4 1 - 6 0 2 1 - 4 0
3 1 - 4 0 2 1 - 3 0
11 - 2 0 1 1 - 2 0
> 8 0 > 6 0
> 8 0 < 4 0
6 1 - 8 0 < 4 0
S o u r c e : J h a e t a l . ( 1 9 8 1 ) .
t r a ted by a l inear p r o g r a m m i n g analys is I per -
f o r m e d us ing s o m e factor ia l e x p e r i m e n t s c o n -
d u c t e d by t h e A l l India Coord ina ted Research
Project fo r Dry land Agr i cu l tu re . The re w e r e four
t echn ique cho ices poss ib le , each hav ing d i f fe ren t
cos ts and pro f i ts (Table 6). Land w a s l im i ted to 5 
ha and o p t i m u m plans w e r e ca lcu la ted fo r va r ious
a m o u n t s o f w o r k i n g capi ta l avai lable to a f a rme r to
inves t in his land. No o the r cons t ra in ts w e r e
i m p o s e d . On ly a f te r t h e f a r m e r had access to
m o r e than Rs. 1000 o f w o r k i n g capi ta l (Rs.
2 0 0 / h a ) d id t h e so lu t ion t o t h e p r o b l e m ind icate
tha t i t w a s des i rab le to app ly fer t i l izers to t h e
C S H - 1 hybr id s o r g h u m (Fig. 2). I f Rs. 1000 or less
w e r e avai lable, C S H - 1 w i t h local i npu ts w a s on ly
c h o s e n . The ba lance o f land w h i c h cou ld no t be
s o w n t o C S H - 1 d u e t o sho r tage o f capi ta l i n s u c h
ins tances , w o u l d be leased ou t t o o the rs .
These resu l ts h igh l ight t h e n e e d fo r t h e des ign
and d e m o n s t r a t i o n of a range of techno log ica l
op t i ons rather t h a n a package of p rac t ices i f we
are to ca te r e f fec t i ve l y to t h e g rea t var iabi l i ty
w h i c h ex is ts a m o n g f a rme rs , even w i t h i n re lat ive-
l y h o m o g e n e o u s reg ions, in the i r resource e n d o w -
m e n t rat ios and access to fac to r ma rke t s . These
issues are add ressed in m o r e deta i l by Ryan and
Rathore (1978) and Ryan and S u b r a h m a n y a m
(1975).
T a b l e 6 . P r o f i t s a n d c o s t s o f a l t e r n a t i v e s o r g h u m
a c t i v i t i e s in a l inear p r o g r a m m i n g e x e r -
c ise .
Pro f i t s C o s t s
A c t i v i t i e s — R s / h a —
Loca l s o r g h u m va r i e t y w i t h 5 0 0 1 0 0
local i n p u t s
Loca l s o r g h u m va r ie t y w i t h 9 7 3 5 3 5
1 0 0 kg N / h a
C S H - 1 s o r g h u m h y b r i d w i t h 1607 2 0 0
local i n p u t s
CSH-1 s o r g h u m hyb r i d w i t h 3 3 0 0 8 5 3
1 5 0 kg N / h a
L e a s i n g - o u t l and 2 0 0 —
S o u r c e : A l l I n d i a C o o r d i n a t e d R e s e a r c h P r o j e c t f o r D r y l a n d
A g r i c u l t u r e ( u n p u b l i s h e d d a t a ) .
Figure 2. Optimum choice of activities for m a x -
imizing profits on a farm of 5 ha. 
t han to the i r coun te rpa r t s in t h e deve lop ing
coun t r i es . For t h e 12 deve lop ing SAT coun t r i es in
Pe te rson ' s analys is , t h e average real pr ice w a s
19, w h i l e for 22 d e v e l o p e d coun t r i es t h e pr ice
w a s 35 . H e n c e o n average t h e p roduc t i on and
sale o f 100 kg o f w h e a t grain equ iva len ts in t h e 12
SAT coun t r i es w o u l d buy abou t half t h e fer t i l izer
tha t i t w o u l d buy i f p r o d u c e d and so ld in de -
v e l o p e d coun t r ies . Real pr ices in N iger are on ly 7,
in Upper Vo l ta 14, in Senega l 19, and in t h e
C a m e r o o n s 16.
Pe te rson ' s analysis sugges t s t h e s e d is to r t i ons
f r o m w o r l d p r i ce leve ls invo lve socia l cos t s , in 11
of t h e 12 SAT coun t r i es w h i c h he cons ide red , o f a 
to ta l of U.S. $ 1970 mi l l ion annual ly . N ige r ' s socia l
Markets, Infrastructure,
and Policy
I t s e e m s clear f r o m t h r e e o f t h e f o u r papers in th i s
sess ion , and f r o m t h e w o r k o f Harr iss (1981) t ha t
marke t i ng a r r a n g e m e n t s fo r coarse gra ins in t h e
SAT coun t r ies , espec ia l ly t h o s e in W e s t Af r ica ,
adverse ly a f f ec t p roduc t i on and also p robab ly
techno log ica l change . Araker i (1982) po in ts ou t
that so rgh u m/ fe r t i l i z e r pr ice rat ios in India are
infer ior to t h o s e o f r ice and w h e a t . Suppo r t p r i c ing
pol ic ies fo r coarse gra ins are v i r tual ly i ne f fec t i ve in
India; w h e n th is i s c o m b i n e d w i t h the i r genera l l y
l o w e r pr ice e last ic i ty o f d e m a n d c o m p a r e d to r ice
and w h e a t (Radhakr ishna and M u r t y 1980, p . 51)
t h e pr ic ing po l icy leads to subs tan t ia l dep ress ions
in pr ice in per iods of abundan t supp l ies .
Pe te rson (1979) has ca lcu la ted t h e average
" r e a l " p r i c e s o f f a r m c o m m o d i t i e s i n w h e a t
equ iva len ts , e x p r e s s e d in t e r m s o f t h e k i l og rams
of fer t i l izer (at local d o m e s t i c pr ices) t ha t c o u l d be
pu rchased w i t h t h e m . Real f a r m pr ices are m o r e
favorab le to f a rme rs i n t he d e v e l o p e d coun t r i es
7 0 6
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W o r k i n g c a p i t a l a v a i l a b l e ( R s / - )
C S H - 1 h y b r i d
w i t h t r a d i t i o n a l
i n p u t s
C S H - 1 h y b r i d w i t h
1 5 0 k g / h a o f N 
c o s t s rep resen t 2 9 % o f its nat ional i n c o m e . Us ing
agr icu l tura l supp ly response e last ic i t ies, w h i c h
Pe te rson e s t i m a t e s to be b e t w e e n 1.25 and 1.66,
he ca lcu la tes tha t i f t h e 26 deve lop ing coun t r ies
he cons ide red had t h e real pr ice levels o f t h e 26
d e v e l o p e d coun t r i es (37) over an e x t e n d e d per iod ,
the i r 1969 ou tpu t w o u l d have been about 2 2 0
mi l l ion t o n n e s (63%) h igher than i t actual ly w a s .
Even i f we use the supp ly e last ic i t ies m e n t i o n e d
by v o n O p p e n and Rao for India o f 0.2 to 0.8, t h e
adverse e f f e c t s o f agr icul tura l pr ice d is to r t ions fo r
deve lop ing coun t r y f o o d supp l ies are e n o r m o u s .
These d is to r t i ons appear to be g rea tes t in t he
Af r i can coun t r ies w h e r e t h e U S D A (1980) p ro jec ts
t h e g rea tes t f o o d supp ly p r o b l e m s are l ikely t o
e m e r g e in t he 1980s.
S h e r m a n and Oued raogo (1982) caut ion us
against advocacy o f s ing le so lu t ions to t h e p rob-
l e m s o f grain ma rke t i ng in W e s t Af r ica . Reg ion-
spec i f ic so lu t ions w i l l not su f f i ce , as each s ta te
(excep t Maur i tan ia) has a m o n o p o l y on gra in
marke t i ng . There are d i f fe rent ia ls in t h e phys ica l
in f ras t ruc tura l character is t ics o f each reg ion and
t h e s e a f fec t t h e s t ruc tu re o f pr ivate or parallel
gra in ma rke t s . O n e w o n d e r s w h y grain ma rke t i ng
research i n W e s t Af r ica concen t ra tes so m u c h on
t h e marke t i ng parastata ls and t h e p resence o r
absence o f marke t c o m p e t i t i o n . I e s t i m a t e f r o m
Harr iss ' (1981) f igures tha t less than 6% o f grain
p roduc t i on is m a r k e t e d by parastata ls in W e s t
Af r ica (Table 7). I t is d i f f icu l t to be l ieve parastatals
cou ld be d is to r t i ng grain pr ices all tha t m u c h , even
t h o u g h t hey t rade b e t w e e n 2 0 and 4 0 % o f t h e
m a r k e t e d surp lus (Table 7 , U S D A 1980, p . 197 ,
S h e r m a n and Oued raogo 1982). Parallel marke t
pr ices are also 2 - 3 t i m e s h igher than " f i x e d "
pr ices in t he of f ic ia l marke t (USDA 1980, p. 57).
There w o u l d appear to be g rea te r payo f fs i n t h e
80s to pol icy research on rat ional izat ion o f inpu t
pr ices, f o o d grain t rade, and impo r t s . The U S D A
s t u d y (1980, pp . 3 4 3 - 3 4 5 ) s h o w s that t he largest
po ten t ia l impac t on f o o d supp l ies in SSA c o m e s
f r o m a scenar io w h e r e roads and in f ras t ruc tu re
i n c r e a s e s u p p l y r e s p o n s e e l a s t i c i t i e s . Sel f -
su f f i c iency rat ios in Centra l Af r ica w e r e e s t i m a t e d
to increase by 6 0 - 1 0 0 % in th is even t , a l l ow ing i t
to b e c o m e a ne t expo r te r ins tead of a ne t impor te r
of gra ins. In a ye t unpub l i shed repor t , von O p p e n
a n d Rao (1980) have e s t i m a t e d smal le r bu t
s ign i f icant e f f ec t s o f i m p r o v e m e n t s to roads,
c o m m u n i c a t i o n s , and dens i t y o f agr icul tura l m a r -
ke ts on agr icul tura l p roduc t iv i t y . Un less t h e s e
issues are expl ic i t ly add ressed in t h e 1980s, t h e n
a t ten t ion to d o m e s t i c grain ma rke t i ng i ssues a n d
d e v e l o p m e n t o f imp roved s o r g h u m techno log ies
m a y be l ike push ing on a s t r ing .
M o r e s tud ies are requi red in t he 80s a i m e d a t
quant i f y ing t h e impac t o f cu r ren t nat ional p r ice
pol ic ies for coarse grains vis-a-vis the i r ma jo r
c o m p e t i t o r s — r i c e , w h e a t , g roundnu ts , c o t t o n
and o ther " c o m m e r c i a l " c rops . For e x a m p l e ,
t hese pol ic ies m igh t explain t he dec l ine in sor-
g h u m ' s share o f India's cereal area f r o m 1 9 . 6 % in
1 9 5 4 - 5 7 t o 1 5 . 9 % i n 1 9 7 5 - 7 8 (von O p p e n and
Rao 1982), and the precar ious nature o f f o o d
suppl ies in t he Sahel (USDA 1980 ; She rman and
Ouedraogo 1982; Harr iss 1981). The USDA (1980.
pp . 3 6 6 - 3 7 7 ) conc ludes that urban f o o d hab i ts i n
SSA need to be changed a w a y f r o m i m p o r t e d rice
and w h e a t , t hus increasing d e m a n d for t rad i t ional -
ly g r o w n grains (maize, s o r g h u m , mi l le ts) . I t is
doub t f u l i f th is can be ach ieved by in t roduc ing
n e w process ing techno logy and chang ing c o n -
s u m e r t as tes as t he USDA p roposes . The e f fec -
t i ve w a y w o u l d be to curtai l impor t s o f r ice and
w h e a t . This w i l l help food se l f -suf f ic iency goals by
increas ing d e m a n d for and pr ices of t rad i t ional
gra ins, imp rove deter iora t ing balance of pay-
m e n t s , and create essent ia l l inkages b e t w e e n
urban and rural areas w h e r e f e w ex is t a t p resen t .
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Research Resource
Allocation Issues
W h i c h reg ions o f the deve lop ing w o r l d shou ld
rece ive the h ighest pr ior i ty in t he a l locat ion of
scarce s o r g h u m research resources in t he 1980s?
Unfor tunate ly , t he only paper w h i c h add resses
s o r g h u m research (Busch and Lacy 1982) fai ls to
cons ider th is impor tan t issue. They s t ress t h e
impor tance o f in formal c o m m u n i c a t i o n channe ls
in t he conduc t o f research and urge s tud ies o f
h o w these pat terns a f fec t t he o u t c o m e s o f
research. I comp le te l y agree w i t h the i r assess -
m e n t o f t he need for a d ia logue b e t w e e n t h e
fa rme r and the researcher in a f a r m i n g s y s t e m s
approach . Howeve r , I fear that the i r agr icu l tura l
research M o d e l IV goes too far in ignor ing t h e
impo r tance o f research s ta t ion act iv i t ies. W i t h o u t
expl ic i t recogn i t ion o f t he role o f w h a t N o r m a n e t
al. (1981) refer to as t he " b o d y o f k n o w l e d g e " ,
bui l t up f r o m cumu la t i ve basic and app l ied re-
search , t h e ques t fo r v iable techno log ies f r o m
dia logue b e t w e e n fa rmers and sc ien t i s ts m a y n o t
be f ru i t fu l .
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Figure 3. Growth rate of sorghum production and contribution of sorghum to total calorie intake in SAT regions. NE = Near East; WA = West 
Africa; Ind = India; SA = Southern Africa; EA = Eastern Africa; OA = Other Asia; N, C. S A m e = North. Central, South 
America.
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T a b l e 7 . S t a t e i n t e r v e n t i o n i n g r a i n m a r k e t i n g i n W e s t Af r ica .
M a r k e t e d su rp lus Propo r t i on o f p r o d u c t i o n P r o p o r t i o n o f p r o d u c t i o n
t r a d e d by parastata l r e p r e s e n t e d b y m a r k e t e d m a r k e t e d b y pa ras ta ta l
C o u n t r y Parasta ta l (%) surp lus (%) (%)
N i g e r O P V N a 2 0 1 0 - 1 6 2 - 3 . 2
U p p e r Vo l ta O F N A C E R b 2 0 15 3
Ma l i O P A M
c
<40 15 < 6 
S e n e g a l O N C A D
d <30 15 <4.5
S o u r c e : H a r r i s s ( 1 9 8 1 )
a . O f f i c e d e s P r o d u i t s V i v r i e r s d u N i g e r .
b . O f f i c e N a t i o n a l d e s C e r e a l e s .
c . O f f i c e d e s P r o d u i t s A g r i c o l e s d u M a l i
d . O f f i c e N a t i o n a l d e C o o p e r a t i o n e t d ' A s s i s t a n c e p o u r l e D e v e l o p p e m e n t .
T a b l e 8 . C r i t e r i a u s e d i n e s t a b l i s h i n g ind ices for t h e r e g i o n a l a l loca t ion o f research r e s o u r c e s i n t h e S A T .
SAT reg ions
India Eas te rn W e s t S o u t h e r n O the r N.,C.,S. Near
Cr i t e r i on Af r i ca Af r i ca Af r ica Asia A m e r i c a East
Per cap i ta i n c o m e (GNP in U.S. $) 140 178 3 2 4 237 22 3 1288 2 1 7 1
A n n u a l per c a p u t i n c o m e g r o w t h 0 . 0 1 1 4 0.0081 0 . 0 1 1 5 0 .0036 0.0107 0 .0032 0 . 0 0 2 5
per un i t i n c o m e
1 9 7 8 p o p u l a t i o n C000) 6 6 0 9 7 6 82 0 3 3 128 0 9 8 71 5 6 4 172 555 2 4 0 311 5 0 2 6 3
P r o j e c t e d annua l p o p u l a t i o n 2 2 3 3.25 4 .14 2.89 2 6 6 2 .84 3 .26
g r o w t h : 1 9 7 8 - 1 9 9 0 (%)
P r o d u c t i o n t r e n d s : annua l 1.15 2 .19 - 0 . 3 9 1.82 3.36 12 .50 - 2 . 0 3
c o m p o u n d g r o w t h b (%)
P r e s e n t f o o d s t a t u s a ( ' 0 0 0 ki lo 1967 2 0 4 3 2 0 6 2 2 0 6 2 2 1 6 9 2 6 3 7 2 2 7 4
ca ls p e r capu t )
S o r g h u m ' s c o n t r i b u t i o n t o reg iona l 6 13 13 2 1 0 8
f o o d ca lo r i es a (%)
Reg iona l c o n t r i b u t i o n t o SAT 3 4 10 15 2 1 3 4 3
s o r g h u m p r o d u c t i o n a (%)
Y ie ld s tab i l i t y a R2 of l inear 0 . 5 4 0.15 0 5 3 0.47 0.55 0 .88 0 .03
t rend )
M a n / l a n d ra t io ( p e o p l e / h a ) 3 8 2 2 .98 1.61 2 .90 3.55 2 .60 2 .78
S o u r c e : v o n O p p e n a n d R y a n ( 1 9 8 1 )
a . C r o p - s p e c i f i c i n d i c e s . A l l o t h e r s a r e r e g i o n - s p e c i f i c .
In a recent paper, v o n O p p e n and Ryan (1981)
have u s e d 10 cr i ter ia to a t t e m p t to d e t e r m i n e
des i rab le pa t te rns o f regional research resource
al locat ions fo r ICRISAT. These e m b r a c e b o t h
e f f i c iency and equ i t y conce rns (Table 8). Five of
t h e 10 cr i ter ia are p resen ted graphical ly in Figure
3. The areas o f t h e c i rc les re fer to t h e popu la t ion
in each region w h i l e t he black s e g m e n t s re fer to
t h e cont r ibu t ion o f s o r g h u m to t h e reg ions ' f o o d
calor ies. Depend ing on w h i c h cr i ter ion i s j u d g e d
by research managers to rece ive t h e heav ies t
w e i g h t i n g , t h e h ighest pr ior i ty reg ions can be
ident i f ied . For examp le , i f p resent per capi ta f o o d
energy c o n s u m p t i o n is fe l t to be the p r imary
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fac to r w h i c h shou ld d e t e r m i n e regional s o r g h u m
research s t ra teg ies in t h e 1980s, t h e n India, w i t h
t h e l o w e s t per capi ta calor ie c o n s u m p t i o n o f
1967, shou ld rece ive t he h ighes t pr ior i ty , w h e r e a s
Nor th , Cent ra l and Sou th A m e r i c a shou ld rece ive
t h e l owes t . Simi lar ly, i f poor h is tor ica l p roduc t i on
t rends are cons ide red m o s t impo r tan t , t h e n t h e
Near East rates f i rs t , and N o r t h , Cent ra l , and
Sou th A m e r i c a last.
The graphica l analys is canno t a c c o m m o d a t e all
10 research resource a l locat ion cr i ter ia. H e n c e we
have d e v i s e d a c o m p o s i t e numer i ca l research
resource a l locat ion index (CONRRAI) tha t uses all
10 cr i ter ia. By ass ign ing d i f fe ren t w e i g h t s to each
cr i te r ion based on sub jec t i ve a s s e s s m e n t s o f t h e
relat ive impo r tance o f equ i t y ve rsus e f f i c iency
c o n c e r n s and add ing u p t h e s e w e i g h t e d index
va lues, we ob ta in fo r each reg ion a c o m p o s i t e
index re f lec t ing i ts re lat ive pr ior i ty . T w o a l terna-
t i ve w e i g h t i n g s c h e m e s are s h o w n i n F igure 4 .
M e t h o d A ass igns t w i c e as m u c h w e i g h t t o
popu la t ion , cu r ren t f o o d s ta tus , s o r g h u m ' s con t r i -
bu t ion to calor ies, and t h e reg ion ' s con t r i bu t i on to
SAT s o r g h u m p roduc t i on , c o m p a r e d w i t h t h e
o the r six cr i ter ia. M e t h o d B uses as t he on ly
cr i ter ion t h e reg ion ' s share o f SAT s o r g h u m
produc t i on . A l l o t he r cr i ter ia are i gno red .
I f o n e w e r e c o n c e r n e d so le ly w i t h e f f i c iency
cons ide ra t ions t h e n M e t h o d B m i g h t be ut i l ized to
gu ide research s t ra teg ies . I t s u g g e s t s an equa l
e m p h a s i s on India and t h e No r th , Cent ra l and
Sou th A m e r i c a n reg ion , f o l l o w e d b y W e s t and
t h e n Eastern A f r i ca . W h e n equ i t y conce rns and
o the r e f f i c iency cr i ter ia are incorpora ted ( M e t h o d
A), t h e emphas i s shou ld sh i f t f r o m No r th , Cent ra l
and Sou th Amer i ca and India to Af r ica , t h e Near
East, and t h e o the r As ian reg ions. The U S D A
pro jec t ions (1980, p . 308) of impo r t and calor ie
gaps us ing 1979 pr ices and real i n c o m e s s u g g e s t
perhaps even greater e m p h a s i s shou ld be p laced
on W e s t and Eastern Af r ica than M e t h o d A w o u l d
ind icate . The W e s t A f r i can SAT reg ion i s es t i -
m a t e d t o have 7 4 % o f t h e to ta l SSA f o o d impo r t
gap by 1990 and 1 5 % o f i ts u n m e t f o o d needs .
Eastern A f r i ca ' s comparab le f i gu res are 21 and
7 9 % , respect ive ly .
T h e above analysis s u g g e s t s tha t a m o r e
regional ly d i spe rsed research s t ra tegy m a y be
appropr ia te fo r ICRISAT s o r g h u m research in t h e
1980s. In add i t ion , i t s e e m s f r o m accumu la t i ng
research expe r i ence w i t h s o r g h u m and o the r
c rops tha t i t m a y be d i f f icu l t t o d e v e l o p i m p r o v e d
cul t ivars a t o n e headquar te rs locat ion w h i c h w i l l
have w i d e adaptabi l i ty across t h e SAT. Var ia t ions
in day- length , du ra t ion , t e m p e r a t u r e , pes ts , and
d iseases s e e m to p rec lude th is .
Figure 4. Suggested importance of each SAT region in determining the allocation of research 
resources using two methods. 
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In India, i t is apparent f r o m von O p p e n and Rao's
paper (1982) tha t f odder f r o m s o r g h u m is an
e x t r e m e l y va luable c o m m o d i t y not t o be ignored
in b reed ing p rog rams . Their analysis s h o w s that
HYV grain and fodder pr ices are bo th s o m e 3 0 %
less than local cu l t ivars. HYV grain y ie lds are
1 6 0 % h igher than t h o s e o f local cul t ivars, bu t
f odde r y ie lds are 3 0 % less. M o r e research o f th is
t y p e is requ i red in India to d e t e r m i n e i f t he s a m e
re la t ionsh ips ho ld in o the r reg ions and in v i l lages
fa r ther r e m o v e d f r o m the in f luence o f large c i t ies .
I t m a y be that t he l o w levels o f adop t ion o f HYVs
of s o r g h u m in India, repor ted earl ier in the i r paper,
m a y be d u e in part to t h e infer ior y ie ld and pr ice o f
HYV s t r aw . A d o p t i o n s tud ies n e e d to expl ic i t ly
accoun t for th is possib i l i ty , as v o n O p p e n and Rao
po in t ou t .
S tud ies are a lso requ i red to d e t e r m i n e i f i t is
m o r e feas ib le o r e f f i c ien t t o a t t e m p t t o b reed
dua l -purpose s o r g h u m cul t ivars, w i t h t he obv ious
t radeo f f s in b o t h fodder value and y ie ld w h i c h th is
imp l ies , or w h e t h e r i t is p re ferab le to b reed
specia l ized t ypes . The lat ter s t ra tegy w o u l d imp ly
tha t f a rme rs w o u l d g r o w t h e grain t y p e s for the i r
foodgra in needs and , because the i r grain y ie lds
w o u l d be h igher than for dua l -purpose s o r g h u m s ,
land w o u l d be re leased for g r o w i n g fodder sor-
g h u m s . The a n s w e r to th is ques t i on l ies largely
w i t h t he b reede rs ' a s s e s s m e n t o f t h e l ike l ihood o f
success o f t h e a l ternat ive s t ra teg ies and o f t h e
gene t i c t radeo f f s imp l ied in t e r m s of relat ive grain
and f odde r y ie lds . There m a y be less n e e d for
spec ia l ized s o r g h u m s in Af r ica w h e r e p ressu res
on the land are no t as great as in As ia . In Af r ica,
ex tens i ve f o r m s o f t echno logy have m o r e rele-
vance as N o r m a n (1982) cor rec t l y po in ts out , and
h e n c e d e v e l o p m e n t o f dual pu rpose s o r g h u m s
m a y be a p re fe r red s t ra tegy . H o w e v e r , t h e s e
issues requ i re m o r e research.
Irr igat ion has m o r e than doub led in t h e last 20
years in seven o f t h e SSA coun t r i es (USDA 1980.
P. 113), and pro jec t ions are for a fu r the r subs tan -
t ial g r o w t h in t h e 1980s . For As ia , var ious pro jec-
t i ons ind icate a m i n i m u m g r o w t h of one- th i rd in
t h e ne t area i r r igated in t h e 1980s (Gasser 1981).
Shou ld s o r g h u m b reede rs d e v o t e resources t o
t h e d e v e l o p m e n t o f HYVs su i ted to i r r igated
agr icu l tu re or to ra in fed cond i t ions? I t w o u l d no
d o u b t be eas ier to increase y ie ld potent ia ls and
stabi l i ty under an i r r igated reg ime . W h e t h e r sor-
g h u m w o u l d be accep tab le as a major part o f t h e
c r o p p i n g s y s t e m s i n l a r g e - s c a l e i r r i g a t i o n
s c h e m e s i s h o w e v e r quest ionab le . W o r l d w i d e
exper ience sugges ts that i t is pr imar i ly c rops such
as paddy, sugarcane, co t ton , and g r o u n d n u t s
w h i c h are g r o w n in such s c h e m e s . As long as
g o v e r n m e n t s are unwi l l ing to se t fees for w a t e r
w h i c h w i l l cover its real cos ts and charge on t h e
basis of vo l ume , i t is doub t fu l i f s o r g h u m w o u l d
disp lace paddy and sugarcane, t he m o s t i r r igat ion-
in tens ive c rops . Co t ton and g roundnu ts are gener-
ally expor t c rops fac ing relat ively elast ic d e m a n d s ,
in cont rast to so rg hum (von O p p e n and Rao 1982).
Un less s o rgh um b e c a m e an expor t c rop a n d / o r
had e f fec t i ve pr ice suppor t pol ic ies, i t is doub t fu l i f
s o r g h u m breeders shou ld devo te a large propor-
t ion o f the i r resources to d e v e l o p m e n t o f cu l t ivars
su i ted to i rr igated condi t ions.7
In papers by Jha and Sarin ( 1 9 8 1 , p. 68) and Jha
et al. ( 1 9 8 1 , p. 61) a plea is m a d e by t he au thors
for d e v e l o p m e n t of regional ly-adapted, fert i l izer-
respons ive cul t ivars of s o rgh um for India. They
c la im that i t is not the low-value nature of
s o r g h u m that has led to lack of fer t i l izat ion of
t radi t ional cul t ivars, but their lack of fert i l izer-
respons iveness . A breeding s t ra tegy o r i en ted
t o w a r d s y ie ld and yield stabi l i ty, w h i c h is t h e
desi rable course for Asia, may h o w e v e r f ind tha t
t h e s e t w o ob jec t ives are di f f icul t t o ach ieve a t t h e
s a m e t ime . In t he deve loped non-SAT coun t r i es
w h e r e y ie lds exceed 3.3 t / h a , y ie ld variabi l i ty is
six t i m e s greater than in t he less deve loped SAT
count r ies having y ie lds less than 1 t / h a (Table 9).
The exper ience s e e m s to be that h igher average
y ie lds imp ly greater variabil i ty.
7. A s s u m i n g t h e s e cu l t i va rs w o u l d b e d i f f e r e n t f r o m
t h o s e tha t w o u l d resu l t f r o m a s t r a t e g y a i m e d a t
b r e e d i n g fo r ra in fed c o n d i t i o n s .
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Farming Systems Research
I agree w i t h No rman (1982) tha t s o r g h u m re-
search in t he SAT m u s t be c o n d u c t e d w i t h i n a 
fa rm ing s y s t e m s research f r a m e w o r k . Imp rove -
m e n t s to s o r g h u m w i l l have impl icat ions fo r o the r
c o m p o n e n t s o f the fa rm ing s y s t e m . An e x a m p l e
of th is w o u l d be the in t roduct ion o f shor t -dura t ion
HYVs in t he Vert iso l assured rainfal l reg ions of
India w h i c h exacerbate labor and an imal draf t
p o w e r b o t t l e n e c k s a t h a r v e s t , d r y i n g , a n d
th resh ing t i m e s . These s a m e f a rme rs s o w pos t -
Sorghum Breeding Strategies
rainy season c rops l ike w h e a t , ch i ckpeas , sa f f l ow -
e r as w e l l as i r r igated paddy a t t h e s a m e t i m e as
t h e HYV s o r g h u m s requ i re t h e above opera t ions .
Farming s y s t e m s research by b reede rs , agro-
n o m i s t s , a n d e c o n o m i s t s has s h o w n tha t t rad i -
t ional s o r g h u m cul t ivars in A f r ica respond to
i m p r o v e d fer t i l izat ion and m a n a g e m e n t (USDA
1980. p . 142). I m p r o v e d s o r g h u m cul t ivars s u c h
as E - 3 5 - 1 i n on - fa rm t e s t s i n Uppe r Vo l ta w e r e no
be t t e r than t radi t ional cu l t ivars w h e n b o t h w e r e
g r o w n under i m p r o v e d m a n a g e m e n t and fert i l iza-
t i on , e x c e p t in sma l l areas near t h e v i l lage
c o m p o u n d s . Cul t ivar E - 3 5 - 1 a lso p e r f o r m e d be t -
t e r t han locals w h e n an ima l t rac t ion w a s e m -
p loyed (Ma t l on 1981) .
Labor cons t ra in ts in A f r ica are m u c h m o r e
seve re t h a n t h e y are in As ia a n d cal l f o r q u i t e
d i f fe ren t i m p r o v e m e n t s t ra teg ies , as N o r m a n
(1982) cor rec t l y po in t s ou t . For e x a m p l e , c rea t ing
labor bo t t l enecks in As ia m a y be advan tageous fo r
land less labor as s u c h bo t t l e neck s t e n d to i n -
c rease the i r e m p l o y m e n t probabi l i t ies and w a g e
ra tes . In Af r ica , w h e r e t h e r e is n o t genera l ly a 
land less labor g roup , th is cons idera t ion b e c o m e s
ir re levant a n d t h e poss ib le adve rse e f f ec t o f labor
bo t t l enecks o n t e c h n o l o g y adop t i on b y f a r m e r s
b e c o m e s pa ramoun t . T h e la t ter e f f e c t o f c o u r s e
a lso ar ises in As ia , bu t avo id ing b o t t l en e cks
a l t o g e t h e r to e n c o u r a g e a d o p t i o n imp l i e s a 
t radeof f i n po ten t ia l bene f i t s to w a g e labor in As ia ,
w h i c h i s n o t t h e case i n Af r ica .
For all t h e above reasons t h e n i t is c lear tha t
b reede rs , pa tho log is ts , e n t o m o l o g i s t s , a g r o n o m -
is ts , soi l and w a t e r m a n a g e m e n t spec ia l is ts , a n d
socia l sc ien t i s ts m u s t w o r k c lose ly t o g e t h e r in a 
f a r m i n g s y s t e m s research m o d e i f t echno log ies
are go ing to be d e v e l o p e d w h i c h are in fac t v iab le
a t t h e f a r m level under t h e s e d i f fe r ing resource
e n d o w m e n t s i tua t ions . This m a y app ly part icular ly
to Af r ica w h e r e t h e s t ra tegy w i l l no t necessar i l y
be to enhance y ie lds per hec ta re , bu t rather y ie lds
per man-hour .
M o r e in terd isc ip l inary research in on - fa rm s i tua-
t i ons is requ i red w h e r e a w h o l e - f a r m a s s e s s m e n t
o f p rospec t i ve s o r g h u m techno log ies can be
m a d e . This shou ld invo lve a jud ic ious m i x t u r e of
" rap id rural appra isa l " t e c h n i q u e s s u c h as t h e
Sondeo m e t h o d u s e d by H i ldebrand (1977) in
Sou th A m e r i c a , c o m p l e m e n t e d by in -depth longi -
tud ina l s tud ies o f t h e t y p e ICRISAT has b e e n
c o n d u c t i n g in India s ince 1975 a n d has in i t ia ted in
W e s t Af r ica in 1980 (B inswanger and Ryan 1980).
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Conclusions
I t s e e m s clear tha t us ing a range of cr i ter ia,
inc lud ing e f f i c iency and equ i t y conce rns , research
and d e v e l o p m e n t (R and D) in s o r g h u m in t h e
1980s shou ld f ocus especia l ly on Sub-Saharan
Afr ica . A dua l s t ra tegy in s o r g h u m b r e e d i n g is
requ i red fo r t h e A f r i can c o n t e x t — a shor t - a n d a 
long- run . I do n o t qu i t e ag ree w i t h N o r m a n (1982)
w h o ma in ta ins tha t de l i very s y s t e m s are a neces -
sary p recu rso r t o success fu l HYV s o r g h u m b r e e d -
ing p r o g r a m s in Af r ica . Rather, t h e reverse m a y
i n d e e d be t r u e : t ha t is, un less t h e r e is a de r i ved
d e m a n d fo r chang ing de l ivery s y s t e m s in rural
T a b l e 9 . S o r g h u m y i e l d t r e n d s ( 1 9 6 4 - 1 9 7 8 ) a n d t h e i r v a r i a b i l i t y i n f i v e p r o d u c i n g r e g i o n s .
R e g i o n
1 9 7 8 t r e n d
y i e l d
( k g / h a )
U n e x p l a i n e d
var iab i l i t y
a b o u t l inear
y i e l d t r e n d
1 0 0 ( 1 - R 2 )
N u m b e r
o f
c o u n t r i e s
A n n u a l c o m p o u n d
g r o w t h i n y i e l d s
(%)
D e v e l o p e d n o n - S A T m a r k e t e c o n o m i e s
D e v e l o p e d S A T m a r k e t e c o n o m i e s
Cen t ra l l y p l a n n e d e c o n o m i e s
L e s s d e v e l o p e d n o n - S A T m a r k e t e c o n o m i e s
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S o u r c e : D e r i v e d f r o m F A O ( v a r i o u s y e a r s ) .
areas o f t h e semi-ar id t rop ics w h i c h e m a n a t e s
f r o m t h e avai labi l i ty o f i m p r o v e d var ie t ies o r
hybr ids , we m a y never s e e a c h a n g e i n t h e s e
de l ivery s y s t e m s . This is a long-run s t ra tegy. I t is
d i f f i cu l t t o env isage that de l ivery s y s t e m s w i l l be
i m p r o v e d in t h e absence of, o r pr ior to , in i t iat ion o f
i m p r o v e m e n t p r o g r a m s a i m e d a t deve lop ing h igh-
y ie ld ing var ie t ies respons ive to t h e i t e m s that
i m p r o v e d de l ivery s y s t e m s w i l l i n fac t del iver .
We shou ld take no te o f t h e fac t tha t i n t h e case
of India 's Green Revo lu t ion in w h e a t and r ice,
a t ten t i on on ly b e c a m e f o c u s e d on t h e inadequacy
of t h e de l ivery s y s t e m s after t h e h igh-y ie ld ing
var ie t ies b e c a m e avai lable. The re w a s l i t t le recog -
n i t ion o f th is fac t prior to t h e Green Revo lu t ion
per iod .
The shor t - run s t ra tegy shou ld enta i l g rea ter
e m p h a s i s on f a rm ing s y s t e m s research, and
breed ing for local ly adap ted i m p r o v e d cul t ivars
res is tant t o t h e major pes ts , d iseases , and w e e d s
of t h e SAT. Rat ional iz ing nat ional p r ice pol ic ies in
t h e SAT coun t r i es shou ld a lso con t r i bu te to
increased s o r g h u m produc t ion in t h e 1980s and
m u s t be regarded as part o f t h e s t ra tegy .
In India, w h e r e HYVs o f s o r g h u m have b e e n
avai lable fo r s o m e 15 years , t he re w o u l d s e e m to
be h igh payo f f s to research in t h e 1980s a i m e d a t
unde rs tand ing and exp la in ing t h e regional d i f fer-
e n c e s in adop t ion o f t h e s e " m a t u r e " innovat ions .
Has adop t i on been cons t ra ined by de f i c ienc ies in
t h e de l ivery s y s t e m s i n areas w h e r e f e w s o r g h u m
g r o w e r s use HYVs, o r are t h e avai lable HYVs n o t
su i tab le t o t h e s e regions? A n s w e r s t o t h e s e
ques t i ons f r o m t h e Indian expe r ience w i l l be
impo r tan t in de f in ing R and D s t ra teg ies in
Sub-Saharan Af r ica . O n e key issue cur ren t l y i s t h e
relat ive va lue and desirabi l i ty o f deve lop ing shor-
te r -dura t ion , h igh-y ie ld ing, pho to insens i t i ve cu l t i -
vars fo r Sub-Saharan Af r ica w h i c h w o u l d be
w i d e l y adaptab le , ve rsus a s t ra tegy of i m p r o v i n g
local ly adap ted cu l t ivars . A n o t h e r issue is t h e
relat ive e m p h a s i s w h i c h shou ld be g iven to grain
a n d f odde r in b reed ing p rog rams . In th i s respec t ,
i t appears tha t t he re m a y be less n e e d to cons ider
spec ia l -purpose foodgra in cu l t ivars f o r A f r ica bu t
ra ther f o c u s on dua l -purpose t y p e s ; h o w e v e r th i s
m a y no t be so in India.
Increased a t t en t i on w i l l be requ i red in t h e
1980s i n t h e SAT to t h e b reed ing o f s o r g h u m f o o d
gra in cu l t ivars w h i c h are i n t ended fo r an ima l
f e e d i n g . Th is i s because d e m a n d fo r s o r g h u m fo r
an ima l f eed ing in deve lop ing coun t r i es w i l l in -
c rease m u c h fas te r t han d e m a n d fo r s o r g h u m as a 
h u m a n food .
In conduc t ing research on s o r g h u m in t h e SAT
dur ing t h e 1980s, m o r e t h o u g h t i s n e e d e d on t h e
appropr ia te balance b e t w e e n appl ied and " b a s i c "
research, part icularly for ICRISAT. To be t te r se rve
t h e needs o f t he var ious reg ions o f Sub-Saharan
Afr ica, h o w m u c h o f ICRISAT's staf f and re-
sources is i t necessary to physical ly locate t h e r e
vis-a-vis t he headquar ters locat ion in India, and t h e
e m e r g i n g ICRISAT Sahelian Cen te r in Niger? This
s e e m s to invo lve a ques t ion o f ba lance b e t w e e n
" b a s i c " and appl ied research.
A s t rong case can be m a d e that a substant ia l
part of research on so rghu m at ICRISAT Cen te r in
India has di rect value to t h e Af r ican SAT and
indeed can be m o r e ef f ic ient ly c o n d u c t e d he re .
An equal ly s t rong case can be m a d e that t h e pes t ,
d isease, agrocl imat ic , and soc ioeconomic c o m -
p lexes are so vast ly d i f fe ren t across t he w o r l d ' s
SAT regions tha t "bas i c " research a t o n e o r t w o
cen te rs w i l l be o f l i t t le va lue, especia l ly in t h e
1980s, to t he w i d e r manda te area. In add i t ion ,
part icular ly in t he Af r ican SAT. nat ional p rog rams
are o f t en unable to e f fec t ive ly uti l ize such " b a s i c "
research due to t h e lack o f h u m a n and mater ia l
resources . In such s i tuat ions, to be e f fec t i ve ,
ICRISAT m a y need to play a m o r e d i rec t ro le in
s o r g h u m R and D. The above issues are c o m p l e x
and w i l l require m o r e concen t ra ted a t ten t i on in
t h e 1980s.
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7 1 5
Session 8 Socioeconomic Considerations
The papers in th is sess ion f o r m an i l l -matched
t e a m . I th ink i t is s ign i f icant and no t very e n -
courag ing tha t t h e organizers st i l l be l ieve that
c o n f e r e n c e papers on soc i oeconom ic cons idera-
t ions relate to each o t h e r — i r r e s p e c t i v e o f the i r
s u b j e c t s — r a t h e r t han to papers on areas o f
sc ien t i f i c research. To be rather b lunt , I th ink t h e
ma in va lue of such a c o n f e r e n c e is to d e t e r m i n e
w o r k pr ior i t ies fo r ICRISAT, for t h e nat ional
research s y s t e m s in t h e SAT, and for coopera t i ng
ins t i tu t ions e l s e w h e r e , fo r t h e decade o f t h e
e igh t ies . H o w e v e r , I fee l tha t th is pu rpose has
o f t e n been only d im ly pe rce i ved b o t h in t h e
scholar ly sc ient i f ic papers and perhaps m o s t o f all
i n t he w a y sc ient i f ic research has been t i e d — o r
not t i e d — t o soc i oeconom ic cons idera t ions . The
a im is, u l t imate ly , to f e e d peop le .
I a lso fee l , in re t rospec t , tha t i t w a s a m is take at
th is c o n f e r e n c e to m ix up pr ior i t ies for d e v e l o p e d
coun t r y s o r g h u m producers w i t h t h o s e for t he
less d e v e l o p e d SAT. The SAT n e e d the ski l ls o f
t h e d e v e l o p e d coun t ry ins t i tu t ions and expe r t s
— t h e r e i s no d o u b t abou t t h a t — b u t t he research
pr ior i t ies o f t h e t w o t ypes o f p roducers are qu i te
d i f fe ren t .
I shal l re turn to t h e s e areas, but f i rs t I w a n t to
c o m m e n t br ief ly on t he f ive papers in th is sess ion .
T w o p a p e r s — t h o s e b y Drs . B u s c h and Lacy,
and N o r m a n — a n d I m igh t add a th i rd paper by my
co-d iscussant Dr. Ryan, are abou t overal l pr ior i t ies
a n d s t ra teg ies . Dr. Araker i ' s paper is abou t
s o c i o e c o n o m i c issues re la ted to s o r g h u m in India,
b u t can a lso be used to der ive s o m e conc lus ions
on research s t ra teg ies . The o the r t w o papers are
os tens ib l y abou t m o r e part icular p r o b l e m s , bu t
raise in te res t ing issues for research s t ra tegy .
Dav id N o r m a n se ts ou t to expla in and under l ine
h e t e r o g e n e i t y i n e x i s t i n g f a r m i n g s y s t e m s .
*
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arguing f r o m th is to d i f fe ren t se ts o f research
pr ior i t ies for India and sub-Saharan Afr ica. Essen-
tially, his a rgumen t , put very tact fu l ly , is that " i t is
as w r o n g to ignore soc ioeconomic sources o f
he te rogene i t y (in research) as i t w o u l d be to
ignore climatological-physical cond i t i ons "—and by
impl ica t ion tha t th is er ror is st i l l be ing m a d e ,
th ink th is is cor rect and i t raises t he impor tan t
ques t i on of t he roles of ICRISAT and nat ional
s y s t e m s in ensur ing t he respons iveness needed . I 
shal l re turn to th is point , but I w o u l d remark in
pass ing that a l though No rman has adop ted the
India vs Afr ica general izat ion mere ly to m a k e a 
po in t and w o u l d certainly argue for m o r e sens i t i ve
t r e a t m e n t a t m u c h smal ler geographica l scale, t h e
sor t o f " m a c r o " regional st rategic cho ices he
out l ines are of re levance in gu id ing pol icy for an
in ternat ional research body such as ICRISAT.
I f o u n d Busch and Lacy 's paper very in te res t ing ,
bu t also rather d isappo in t ing . As I go t in to it, I 
f o u n d myse l f saying " A h a ! N o w w e ' r e really
ge t t i ng s o m e w h e r e ! " A t t he end I w a s uncer ta in
w h e t h e r w e really had go t a n y w h e r e .
The paper opens w i t h a brief analyt ical survey of
research mode ls . The latest and, one p resumes ,
the best , are t he " f a r m i n g s y s t e m s app roach " and
t h e " d i a l o g u e " m o d e l . I prefer to see these as a 
s ing le m o d e l , and I w o u l d regard an approach that
res t r i c ted its contac t w i t h fa rmers to bat ter ing
t h e m w i t h ques t ions , and t h e n do ing the agr icu l tu-
ral research only on a research stat ion, as a rather
pe rve r ted f o r m o f fa rming s y s t e m s approach, not
i ts a rche type , but I accept the progress ion g iven
as progress . So far so good .
N o w w e c o m e o n t o w h a t i s special abou t
s o r g h u m research. This is necessary in o rder to
m a k e prescr ip t ions about w h a t w e shou ld d o i n
s u c h research, bu t I take issue w i t h m a n y o f t he
general izat ions here. For ins tance, we are to ld
that t he s i tuat ion is not l ike tha t for w h e a t or r ice.
Deve lop ing coun t ry s o r g h u m fa rmers are ( w e are
told) even less p rosperous than w h e a t and r ice
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f a rmers . I am no t su re tha t th is genera l izat ion is
t rue . I th ink you can f i nd s o m e ve ry large
deve lop ing coun t r y s o r g h u m fa rmers , a n d s o m e
very smal l and poor deve lop ing coun t r y w h e a t and
rice fa rmers . I suspec t tha t t h e p ic tu re var ies
great ly by coun t ry . W h e r e t h e genera l iza t ion i s
t rue , i t m a y be because s o r g h u m research has no t
m a d e the s a m e p rogress as w h e a t o r ma ize . The
conc lus ion cer ta in ly d o e s not f o l l o w f r o m t h e
subsequen t observa t ion tha t s o r g h u m t e n d s t o b e
g r o w n on poor soi l under ra infed cond i t i ons (so,
inc idental ly , d o e s m u c h w h e a t and rice). W e are
to l d tha t s o r g h u m has sma l l , f r a g m e n t e d ma rke t s .
This is impor tan t , bu t w h y is i t so? Is i t p rec ise ly
because i t is b o t h a ve ry uns tandard ized c rop , a n d
a very d i f f icu l t c rop to p r o c e s s — o n e m i g h t say a 
" p r i m i t i v e " crop? I f so , t h e s e are fac to rs tha t
re f lec t on research , and w h i c h research m i g h t
remedy . Is i t d i f f i cu l t to p rocess because p roces-
s ing has no t been d e v e l o p e d and is no t easy fo r a 
grain w h i c h has ve ry var iable character is t ics?
These l inks are no t f i l led in. We are to ld tha t
s o r g h u m s su f fe r local or nat ional pr ice pol ic ies
tha t d i scourage p roduc t i on . I f th is is t rue , i t is
because o f p r ice po l ic ies fo r o the r cereals rather
than po l ic ies fo r s o r g h u m . Usua l ly s o r g h u m
s e e m s to be an oddba l l cerea l fo r w h i c h the re are
f e w e r of f ic ia l pol ic ies t han , fo r e x a m p l e , fo r maize,
and th is is genera l ly a bene f i t because off ic ial
pr ice pol ic ies fo r ma ize in t h e lesser d e v e l o p e d
coun t r i es have t e n d e d t o dep ress pr ices t o
fa rmers . We are to ld tha t t he re i s l i t t le h is tory o f
r ich coun t ry research to d r a w o n ; th is i s a t least
part ial ly t rue , bu t I t h ink i t w o u l d be e v e n m o r e
val id to a rgue tha t r ich c o u n t r y (and r ich fa rmer)
research on s o r g h u m has t e n d e d to be inappropr i -
a te and e v e n nega t i ve fo r f a r m e r s in t h e lesser
d e v e l o p e d coun t r i es because s o r g h u m has b e e n
d e v e l o p e d w i t h d i f fe ren t a i m s under qu i te d i f fe -
ren t cond i t i ons .
Last w e c o m e t o t h e ac tua l s t ruc tu re o f
research , a n d t h e p rocess o f dec i s ion -mak ing in
research. W h i l e w e have s o m e in te res t ing obser -
va t ions here abou t w r o n g incen t i ves in nat ional
research , abou t con fus i on over t h e d iv is ion o f
w o r k b e t w e e n nat ional s y s t e m s a n d ICRISAT, and
abou t lack o f con tac t w i t h f a rme rs , w e s e e m t o b e
lef t (as socia l sc ien t i s ts o f t e n are) m a k i n g a lo t of
b r igh t c o m m e n t s , desc r ib ing t h e var ious f o r ces a t
w o r k , a n d f inal ly, in p lace of a conc lus ion , shak ing
our heads w i s e l y and say ing " I t i s all ve ry
c o m p l i c a t e d ? " I f ee l th i s i s b o t h t o o t i m i d a n d t o o
pol i te .
T h o u g h i t i s a lways ques t ionab le w h e t h e r t h e
qual i ty o f a research s y s t e m can be j u d g e d by t h e
va lue o f t h e resu l ts (because s o m e p r o b l e m s are
toughe r to crack than o thers) , I th ink t h e lack of
p rogress in deve lop ing s o r g h u m as a f o o d c rop in
t h e lesser d e v e l o p e d coun t r ies m u s t raise ser ious
d o u b t s abou t t he heal th o f t h e in ternat iona l
s o r g h u m research s y s t e m .
Dr. Araker i ' s paper is very w i d e rang ing , and is
t he re fo re a b i t d i f f icu l t to pr in t d o w n . S o m e o f t h e
po in ts m a d e are no t pecul iar t o s o r g h u m : t h e
n e e d fo r land conso l ida t ion , t h e n e e d fo r soi l
conserva t ion , t h e n e e d for be t te r a r r a n g e m e n t s
fo r p r o c u r e m e n t and s tock ing of gra ins. I shal l no t
d w e l l on these .
T h e m o s t in te res t ing aspec ts o f Dr. Araker i ' s
paper to me are a n u m b e r o f apparent ly iso la ted
s t a t e m e n t s : t h e fac t tha t w h e a t has d isp laced
s o r g h u m s and mi l le ts f r o m s e c o n d p lace a f ter r ice
in India; t h e p rovoca t i ve s t a t e m e n t " Ind ia is a 
mi l le t c o u n t r y , " w h i c h i s subs tan t ia ted on c l imat ic
g r o u n d s ; and the ve ry in te res t ing sugges t i on that
be t te r use cou ld be m a d e o f scarce i r r igat ion
w a t e r by d ive r t ing i t f r o m paddy to s o r g h u m ,
w h i c h is a m o r e e f f i c ien t user.
N o w i t i s not d i f f icu l t to see w h a t p u s h e d w h e a t
f o r w a r d , bu t w h a t i s ho ld ing s o r g h u m s and mi l l e ts
back? A n u m b e r of reasons are g i v e n : poo r
ex tens ion , lack o f appropr ia te e q u i p m e n t , poor
s e e d supp ly s t ra tegy . These d e s e r v e a t ten t i on .
Bu t I suspec t t h e ma in reason m i g h t be t ha t t h e
n e w s o r g h u m var ie t ies are sti l l unaccep tab le fo r
h u m a n f o o d .
N o w I w a n t t o t u rn br ief ly t o t h e o the r t w o
papers . First, Drs. She rman and O u e d r a o g o on
marke t i ng in t h e W e s t A f r ican SAT. The paper
exho r t s us no t to genera l ize abou t t h e W e s t Af r ica
SAT reg ion , bu t t o s tudy each coun t r y s y s t e m in
its o w n part icular con tex t . I t t h e n goes on to
expla in tha t :
(i) all t h e of f ic ia l cerea l m a r k e t i n g boards w e r e
s e t up w i t h s imi lar ob jec t i ves , i.e., o f fe r
" f a i r e r " (bet ter?) pr ices to p roduce rs ; reason-
ab ly p r i ced supp l ies to c o n s u m e r s ; es tab l ish
a n d regu la te secur i t y s t o c k s ; stabi l ize in -
te ryear pr ice f l uc tua t i ons ; organize expo r t s ,
(ii) a l t hough m a n y o f t h e m are legal monopo l i es ,
t h e y genera l ly handle on ly abou t 2 0 % o f
marketed cerea ls ,
(iii) all have m a d e f inancia l losses .
F r o m t h e s e genera l iza t ions, I w o u l d conc lude
tha t t h e r e w a s st i l l s o m e va lue in genera l iza t ion. I 
ag ree tha t peop le w h o have t o m a k e po l icy
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dec is ions on marke t i ng shou ld star t o f f f r o m a 
g o o d unde rs tand ing o f h o w marke t i ng actual ly
w o r k s in t h e area in q u e s t i o n — a n d that t hey
o f t e n do no t do th is . General ly , t h e y star t f r o m a 
s t e r e o t y p e tha t is a pr ior i , ideologica l , and devo id
o f fac tua l k n o w l e d g e . In t h e s e c i r cums tances ,
genera l iza t ion abou t w h a t w o r k s i n comparab le
cond i t i ons e l s e w h e r e is a m o s t cons t ruc t i ve aid to
po l icy mak ing . For examp le , t he genera l conc lu -
s ion tha t f i xed na t ion -w ide pr ices leave t h e of f ic ia l
board t o buy f r o m the m o s t r e m o t e surp lus areas
and sel l to t h e m o s t inaccess ib le def ic i t areas has
impo r tan t po l icy imp l ica t ions . Simi lar ly, t he f ind ing
tha t of f ic ia l agenc ies tha t se t ou t to handle all t h e
m a r k e t e d c rop s e l d o m handle m o r e than 2 0 % o f i t
shou ld be t h e sub jec t o f se r ious compara t i ve
inves t iga t ions . W h y . i s t h e lat ter t h e case? A re t h e
reasons the s a m e in d i f fe ren t cases? Is i t because
(a) t he pr ice to p roducers is t o o l o w g i ven t h e
pr ice to c o n s u m e r s ? (b) t h e pr ice to c o n s u m e r s is
t o o h igh g iven the pr ice to p roduce rs? (c) t h e
organ iza t ions are operat iona l ly incapable of serv-
ing all p roduce rs a n d / o r all c o n s u m e r s w h e n t hey
w a n t to t rade? (d) do t h e pr ivate marke t i ng chan-
ne ls o f fe r va lued serv ices to p roduce rs a n d / o r
c o n s u m e r s w h i c h t h e of f ic ia l channe ls do no t
o f fe r?
The o the r t h i ng that pol icy m a k e r s ough t t o t ake
in to accoun t in a consc ious w a y is: w h a t are t h e
ob jec t i ves of the i r pol ic ies? I am s o m e w h a t
skept ica l about t h e sugges t i on tha t all t h e of f ic ia l
au thor i t i es had s imi lar ob jec t i ves . I t s e e m s even
m o r e clear tha t t he t w o " f a c t i o n s " m e n t i o n e d
(Harris vs Berg) do not have t h e s a m e ob jec t i ves .
Ob jec t i ves are no t s imp le , and involve ma jo r
t rade-o f f s : e.g. , i s t he ob jec t i ve to deve lop pr ivate
en t rep reneu rs or to e l im ina te t h e m ? Is i t m o r e
c o n c e r n e d w i t h t h e purchas ing p o w e r o f peasants
than that o f urban w o r k e r s ? Is i t m o r e c o n c e r n e d
abou t pr ice stabi l i ty than abou t operat iona l robust -
ness?
The w h o l e a im o f po l icy -or ien ted research i s to
pred ic t w h a t in te rven t ions w i l l ach ieve w h a t
ob jec t i ves i n w h a t c i r cums tances , and w h i l e th is
m u s t b e f o u n d e d i n k n o w l e d g e o f t h e s y s t e m s t o
be m o d i f i e d , i t m u s t a lso invo lve in te l l igent
genera l iza t ions f r o m s i tua t ions tha t invo lve a t
least part ial paral le ls. A re t rea t i n to care fu l local
s tud ies w i t h o u t genera l iza t ion i s no t t h e a n s w e r .
I ndeed i t is a recur ren t t h e m e of e c o n o m i c s tha t
w h e n w e f i n d t ha t t h e o r y i s le t t ing u s d o w n , w e
re t reat in to e m p i r i c i s m , on ly to f i nd tha t i t ge t s us
n o w h e r e .
So far as research s t ra tegy is c o n c e r n e d , th i s
paper t ends to suppor t N o r m a n ' s genera l izat ion
tha t p resent cond i t ions in t h e prov is ion o f publ ic
sec to r serv ices to fa rmers in A f r ican coun t r i es are
no t conduc i ve to f o o d p roduc t ion s t ra teg ies tha t
p lace heavy rel iance on such serv ices ; i.e., tha t a 
be t te r s e r v i c e / m a r k e t i n g s t ruc tu re m u s t e i ther be
part o f t h e package or t he package m u s t be robus t
e n o u g h to surv ive w i t h o u t it. I t a lso carr ies a fair ly
s imp le pol icy m e s s a g e t o g o v e r n m e n t s w h i c h
th ink t hey can run crop marke t i ng .
Last ly, I m u s t c o m m e n t on Dr. von O p p e n and
Rao's paper. If I may parody it s l ight ly , i t c o n -
c l udes tha t t h e unpopu lar i ty o f h igh-y ie ld ing
var ie t ies (HYVs) in India ar ises f r o m t h e l o w
m o n e t a r y value o f t he assoc ia ted fodder p roduc-
t i on w h i c h m e a n s that the to ta l f inancial y ie ld o f
HYVs is on ly about 6% higher than that o f local
var ie t ies and the re fo re "hard ly w o r t h " t h e ex t ra
cos t o f us ing HYVs. We are not , inc idental ly , t o l d
w h a t t h o s e extra cos ts are. I t conc ludes that i t is
w o r t h b reed ing for be t te r s t raw qual i ty in HYVs.
I f o u n d the research and analysis fasc ina t ing ,
bu t I w o u l d qual i fy t he conc lus ion . The o the r
no tab le p r o b l e m w i t h HYVs is t h e l o w e r pr ice o f
t h e gra in , w h i c h accord ing to th is paper sel ls f o r
on ly 7 0 % of t he pr ice of local var iet ies. A grain
qual i ty i m p r o v e m e n t tha t added 1 0 % t o t h e p r i ce
w o u l d add about Rs. 260 to f inancial y ie ld per
hec tare . A fodder qual i ty i m p r o v e m e n t tha t a d d e d
1 0 % to pr ice w o u l d increase f inancial y ie ld by on ly
abou t Rs. 8 0 - 9 0 . I f t he re is any t rade-of f in
resources b e t w e e n breed ing for i m p r o v e d grain
and b reed ing for imp roved fodder , I w o u l d sug -
ges t concen t ra t ion on grain. I w o u l d , h o w e v e r ,
ag ree on t h e impor tance o f f odde r - improv ing
t e c h n o l o g i e s — s i l a g e , alkali, ear ly s took ing (for
g r e e n fodder ) .
S o m e o f t he o ther impor tan t ques t i ons are a lso
lef t o p e n . W h a t do peop le w a n t s o r g h u m for? I t i s
an inconven ien t grain to p rocess and to s to re o n c e
p rocessed . W h y has i ts pr ice r isen above w h e a t
and rice in Indian marke ts? I do not k n o w t h e
a n s w e r a t all, bu t we do n e e d a n s w e r s t o t h e s e
ques t i ons so as to f i nd ou t t h e qual i t ies we are
t ry ing t o p roduce .
A n o t h e r b ig ques t i on is w h y so l i t t le s o r g h u m is
m a r k e t e d . I have pu t th is q u e s t i o n to peop le he re
and t h e y have a n s w e r e d " b e c a u s e t h e f a r m e r
p roduces fo r his o w n c o n s u m p t i o n on l y . " Th is i s
n o t an a n s w e r ; i t is a r e s t a t e m e n t of t h e s i tua t ion .
A n o t h e r a n s w e r i s " t h e f a rmer canno t p r o d u c e in
e x c e s s o f his o w n r e q u i r e m e n t s . " Th is i s cer ta in ly
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t r u e in s o m e areas, bu t I canno t s e e w h y i t i s
part icular ly t r ue fo r s o r g h u m a n d no t , f o r ins tance ,
ch ickpeas . I suspec t th is has a lo t to do w i t h t h e
p rocess ing and p a y a b i l i t y ques t i ons . For w h e a t ,
r ice and s o m e pu lses , ma rke t i ng channe ls are a lso
process ing channe ls . Thus , fo r a sma l l inc rease in
pr ice , t h e purchaser o f m a r k e t e d w h e a t o r ma ize
g e t s a super io r p r o c e s s e d p roduc t . For s o r g h u m
t h e reverse i s t h e case. The re are f e w e c o n o m i e s
o f scale in p rocess ing (part ly because o f t h e l o w
va lue o f t h e bran) a n d t h e p roduc t i s ac tua l ly
in fer ior t o tha t o f h o m e p rocess ing .
N o w let us g e t back t o t h e real po in t . H o w are
s o c i o e c o n o m i c fac to rs be ing t a k e n in to accoun t i n
gu id i ng research o n s o r g h u m ? T h e a n s w e r s e e m s
to be that t hey are hard ly t a k e n in to accoun t a t al l .
D o no t g e t m e w r o n g o n th i s . I a m no t w o r r i e d
a b o u t e c o n o m i s t s and soc io log is ts be ing shor t -
c h a n g e d and d e n i e d the i r fair share o f j obs . I am
w o r r i e d abou t m i s d i r e c t e d research .
The s i tua t ion is real ly no t encou rag ing in e i the r
t h e research o r t h e c r o p p roduc t i on areas. As
Ryan s h o w s , s o r g h u m p roduc t i on i s g r o w i n g
s l o w e r than popu la t i on in India and Af r ica ( the
overa l l lesser d e v e l o p e d c o u n t r y p roduc t i on f i -
gu res be ing d i s t o r t ed by t h e rapid g r o w t h o f
ex tens i ve ca t t l e - feed s o r g h u m in Lat in Amer ica ) .
Ye t , in India, t h e po ten t ia l fo r s o r g h u m is d e m o n -
s t rab ly h igh in t e r m s o f overa l l f o o d s t ra tegy
(Araker i 's paper) , and in A f r i ca t h e r e is a rapidly
de te r i o ra t i ng f o o d s i tua t ion . H Y V s appear t o have
reached a p la teau of acceptab i l i t y in I n d i a — a n d
have hard ly m a d e any i m p a c t in A f r i ca . That i s t h e
s i tua t ion o n t h e g r o u n d .
T h e s i tua t ion i n s o r g h u m research s e e m s t o b e
e x e m p l i f i e d , i f no t t yp i f i ed by th i s c o n f e r e n c e . In
A f r i ca , a t least , t h e t w o b igges t p r o b l e m s o f
s o r g h u m g r o w i n g are Striga a n d b i rd p e s t s , y e t
t h e s e w e r e dea l t w i t h i n on ly t h r e e papers .
Quan t i f i ed e c o n o m i c fac to rs a n d t h r e s h o l d s w e r e
a p r o m i n e n t f ea tu re o f t h e papers f r o m U.S. a n d
Aust ra l ia , b u t n o t f r o m ICRISAT, India o r A f r i ca .
Dr. Freder iksen inv i ted us to quan t i f y d i sease
p r o b l e m s , bu t d i d no t d o s o h imse l f . H e a n d o t h e r
speake rs on p e s t s a n d d i seases ca ta loged fasc i -
na t ing p r o b l e m s and poss ib le app roaches t o
so lv ing t h e m , bu t d i d no t g i ve any idea o f pr ior i t ies
o r t h e m o s t cos t -e f fec t i ve w a y s t o search fo r
so lu t i ons . A n o t h e r e x a m p l e , i f i t i s n e e d e d , w a s
g i v e n by Dr. F reder iksen 's s ta t is t i cs on b ib l iog-
raphic re fe rences t o con t ro l o f s o r g h u m d i sease :
31 on hos t p lant res is tance , 29 on c h e m i c a l
con t ro l , a n d 7 on cu l tura l con t ro l . Ye t , f o r lesser
d e v e l o p e d c o u n t r y f a rme rs , cu l tu ra l con t ro l i s
m a n y t i m e s m o r e re levant t h a n chem ica l con t ro l .
That is o n e se t of p r o b l e m s , a n d i t is a se t w h i c h I 
t h i nk is e m i n e n t l y in t h e ICRISAT cons t i t uency ,
a n d o n w h i c h socia l sc ien t i s ts can g ive use fu l
a d v i c e — n o t o f f t h e cu f f l ike th is , bu t by be ing
incorpora ted in to t h e research p lann ing p rocess .
A n o t h e r se t o f p r o b l e m s re la tes t o w h a t t h e
f a r m e r w a n t s and needs . O n e th i ng h e obv ious ly
w a n t s and n e e d s i s s o r g h u m tha t he can p rocess
a n d eat . y e t th is rece ived a l m o s t no a t t en t i on in
t h e d i scuss ion on b reed ing . I k n o w tha t ICRISAT
has f o o d qual i ty sc reen ing p rocedu res , bu t t h e r e
is st i l l a ser ious p r o b l e m of HYV gra in acceptab i l i t y
b o t h in India and Af r i ca . The re is no po in t he lp ing
t h e f a rme r g r o w cat t le f o o d w h e n h e w a n t s t o
m a k e por r idge o r bee r o r b read .
This is jus t ext raord inar i ly impor tan t . Dr. Rooney
said " I f y o u have no t g o t y ie ld stabi l i ty , f o r g e t
abou t qua l i t y . " I t h ink th i s is a l m o s t t h e w r o n g
w a y round . I n India, HYVs c o m m a n d a 3 0 % l o w e r
pr ice on average than local var ie t ies because o f
th is p r o b l e m . In m u c h o f Af r ica , th is p r o b l e m has
a l m o s t to ta l ly p r e v e n t e d adop t i on o f HYVs. Yet we
have g o n e on b reed ing fo r y ie ld a n d d isease
res is tance (i.e., rel iabi l i ty), and t h e n check ing fo r
acceptab i l i ty . Researchers have to g e t u n h o o k e d
f r o m y ie ld i f t h e y w a n t peop le t o g r o w m o r e
s o r g h u m in t h e lesser d e v e l o p e d coun t r i es . G r o w -
ing m o r e s o r g h u m is impo r tan t because i t w i l l
i m p r o v e f o o d supp ly a n d stabi l i ty . This is a pr ior i ty
p r o b l e m c o m m o n to all t h e SAT, a n d o n e w h i c h i s
suscep t ib le to a cent ra l ized research c a m p a i g n
w h i c h shou ld have t w o p r o n g s : incorpora t ing
c o n s u m e r - d e s i r e d qual i t ies in to s o r g h u m s w i t h
o t h e r des i red qual i t ies , and tack l ing t h e p roces -
s ing ques t i ons at a var ie ty of sca les . There is a lot
to be said fo r a h igh- tann in per icarp i f t h e
c o n s u m e r can easi ly a n d cheap ly t ake i t o f f w h e n
h e w a n t s t o ea t t h e gra in .
Third ly, t h e r e i s t h e ques t i on o f adapta t ion to
local f a r m i n g s y s t e m s . In my v i e w , th i s i s u l t i -
m a t e l y t h e j o b o f nat ional research es tab l i sh -
m e n t s , a n d m u s t invo lve use o f socia l sc ien t i s t s a t
t h e nat ional leve l . The re is, h o w e v e r , a t p resen t a 
n e e d to serv ice s u c h act iv i ty a t t h e regional leve l .
Preferably , th i s w i l l no t be d o n e on t h e bas is o f a 
s ing le cen te r m a n d a t e , because f a r m i n g s y s t e m s
m u s t cove r m o r e e l e m e n t s than are ever in a 
s ing le m a n d a t e , inc lud ing l i ves tock a n d t r e e s ! Bu t
t h e r e are s o m e s igns o f a c o m p r o m i s e in w h i c h
ind iv idual c e n t e r s t ake respons ib i l i t y f o r se rv ic ing
local s y s t e m s w o r k i n par t icu lar r eg ions : I C A R D A
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in M i d d l e East. C I M M Y T in East Af r ica , I ITA
poss ib l y in W e s t A f r i ca , pe rhaps ICRISAT in th is
subcon t i nen t . I f y o u do not l ike th is pa t te rn , I 
sugges t y o u act fas t to w o r k on a m o r e sat is fac-
to ry o n e .
Th is w i l l pu t a n e w respons ib i l i ty on t h e c e n t e r s
fo r t ra in ing in f a rm ing s y s t e m s d iagnos is and
adapt i ve research . I k n o w that th is is u rgen t in
A f r i ca ; I suspec t i t is u rgen t here .
Fur ther , w h a t e v e r w a y th is t ra in ing and serv ic-
ing f unc t i on i s o rgan ized, t h e cen te rs m u s t se-
r ious ly and de l ibera te ly take on the task o f
respond ing to reques ts for adapt ive research
inpu ts f r o m nat ional s y s t e m s for the i r part icular
c rops , and th i s du t y m u s t no t b e c o n f o u n d e d w i t h
specia l in tens ive p rog rams on o n e o r t w o pe t
areas by t h e cen te rs t h e m s e l v e s . A part icular
q u e s t i o n th is raises is t he re levance o f hybr ids fo r
m a n y a r e a s — e s p e c i a l l y i n A f r i c a — w h e r e of f ic ia l
s y s t e m s are no t capable o f handl ing t i m e l y annua l
d is t r ibu t ion (let a lone product ion) of hybr ids .
To s u m up, I f ee l tha t s o r g h u m in t h e e igh t ies
i n v o l v e s a v e r y s e r i o u s e l e m e n t o f soc ia l -
e c o n o m i c eva lua t ion , d iagnos is , and t ra in ing, and I 
do no t th ink th is con fe rence has d o n e m o r e t h a n
t o u c h on th is area in pass ing . Please do no t leave
i t fo r S o r g h u m in t h e N ine t ies .
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N. G. P. Rao
B u s c h and Lacy in the i r paper have l i s ted fou r
m o d e l s o f research t o w a r d genera t i ng re levant
t e c h n o l o g y . I w o u l d l ike an addi t ional o n e cal led
t h e " i n n o v a t i o n " m o d e l t o b e added , w h e r e
e m p h a s i s is on innovat ion and i ts d i f f us ion . I 
w o u l d a lso l ike t o exp ress m y d i s a g r e e m e n t w i t h
t h e o f t e n repea ted e m p h a s i s o n gene ra t i ng
techno log ica l op t i ons . In my v i e w , i t w i l l be m o r e
e f f ec t i ve to have a " p a c k a g e a p p r o a c h . " Genera-
t i on and adop t i on o f an in teg ra ted package o f
innova t ions a lone can lead to a rapid t r ans fo rma -
t i o n o f l ow-y ie ld ing a n d s tagnan t agr icu l tu re .
N o r m a n
T h e f o u r t h m o d e l en t i t l ed "d ia logue m o d e l " i n
t h e Busch and Lacy paper is real ly no t a separa te
m o d e l . In fac t " d i a l o g u e " is an in tegra l c o m p o -
nen t o f an u p s t r e a m approach to f a r m i n g sys-
t e m s research w h e r e t e c h n o l o g y ident i f i ca t ion
a n d d e v e l o p m e n t e f fo r t s tar t f r o m t h e f a r m e r ' s
f ie ld ra ther t han be ing i m p o s e d f r o m t h e ex-
pe r imen ta l s ta t i on . D ia logue is an impo r tan t l ink
b e t w e e n f a r m and research s ta t ion .
M . J . J o n e s
N o r m a n ' s sugges t i on abou t f i t t i ng c rops t o
(soc ioeconomic , natural) e n v i r o n m e n t s t o ensu re
re levance o f t e c h n o l o g y in d i f fe ren t zones m a y
not br ing abou t a last ing so lu t ion in areas l ike
Uppe r Vol ta w h e r e t h r o u g h soi l e ros ion , fa l l ing
land p r o d u c t i v i t y , e tc . , t h e e n v i r o n m e n t i s
a l r e a d y d e g r a d i n g . O n e has to th ink in t e r m s o f
b o t h t h e shor t - and t h e l ong - te rm con tex t .
N o r m a n
I do no t d isagree . The re are t w o p r o b l e m s . First,
add ress ing pr iva te shor t - run in te res ts o f f a r m e r s
a n d reco rd dea l ing w i t h t h e long-run soc ie ta l
c o n s e q u e n c e s o f an i r revers ib le dec l ine o f eco lo -
g ica l base . T h e f o r m e r requ i red i nc remen ta l
c h a n g e s w i t h m i n i m a l re l iance o n m a r k e t s y s t e m
d e v e l o p m e n t , e .g . , i m p r o v e m e n t s re lat ing t o
cu l t ivars a n d the i r a g r o n o m y . T h e lat ter requ i res
long - te rm s t ra tegy invo lv ing e x t r e m e t ransfor -
m a t i o n m e a s u r e s t o ar rest degrada t ion o f t h e
resource base. Deve lopmen ta l research and
e f fo r t s inc lud ing d e v e l o p m e n t o f i n f ras t ruc tu re is
essent ia l t o deal w i t h t h e p r o b l e m o f r esou rce
dep le t i on .
Bruggers
N o n e o f t he fou r cons t ra in ts cond i t i on ing f a r m -
ing s y s t e m s s u g g e s t e d by N o r m a n inc lude t h e
ve r teb ra te pes ts damag ing preharves t and pos t -
harvest gra in. The t i m e requ i red by c rop p ro tec -
t i on ( inc luding scar ing birds) is e n o r m o u s . In
m a n y areas o f t he Sahel , t h e a m o u n t o f land
f a r m e d i s d e t e r m i n e d b y t h e f a r m e r ' s capac i ty t o
p ro tec t t h e c rop f r o m bi rds. H o w d o e s th i s
p r o b l e m s tand vis a vis t he fou r cons t ra in ts
l is ted?
N o r m a n
W e have de l inea ted fou r genera l se ts o f c o n -
s t ra in ts . The bird d a m a g e as a y ie ld - reduc ing
fac to r and as a source of p ressure on labor
d e m a n d to cont ro l i t ge t s in to t h e genera l se t o f
cons t ra in ts . The techno logy o r con t ro l m e a s u r e
in th is con tex t shou ld be one w h i c h he lps avo id
in tens ive use of labor.
Singhania
Dr. Araker i ' s s t a t e m e n t abou t t h e po l icy o f
re leas ing c rop var iet ies i s ra ther c o n f u s i n g . H o w
can a s imu l taneous re lease of hybr ids a n d
v a r i e t i e s d i s c o u r a g e t h e s e e d i ndus t r y? I f
var ie t ies o r hybr ids are g o o d and p roduc t i ve ,
t h e y shou ld b e re leased. W e shou ld bo the r m o r e
abou t t he f a rmer rather t han t h e s e e d indus t ry .
Araker i
M y po in t w a s tha t our seed re lease po l icy s h o u l d
be cons is ten t regard ing var ie t ies o r hybr ids . We
shou ld no t w a v e r i n suppo r t i ng o n e o r t h e o the r .
O u r var ie ty re lease pol ic ies can grea t ly con t r i -
b u t e t o w a r d s t h e d e v e l o p m e n t o f t h e s e e d
indust ry .
Prasad
Dr. Araker i m e n t i o n e d t h e ve ry l im i t ed sp read o f
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s o r g h u m hybr ids in India. O n e reason is tha t t h e
f a r m e r s have t o buy hybr id s o r g h u m s e e d s eve ry
year i n p lace o f us ing the i r o w n s e e d f r o m t h e
prev ious harvest . Fa rmers f i nd th is d i f f i cu l t .
See ing th is p r o b l e m , t h e Tami l Nadu Agr icu l tu ra l
Un ivers i ty has d e v e l o p e d h igh-y ie ld ing var ie t ies
o f s o r g h u m w h i c h have spread cons iderab ly
(cover ing 2 6 % o f t h e s o r g h u m area) i n t h e s ta te
in recent years .
Rana
A l im i ted sp read of h igh-y ie ld ing var ie t ies of
s o r g h u m is o f t e n a t t r i bu ted to the i r nonaccep ta -
bi l i ty by t h e f a r m e r s . But adop t i on o f h igh-
y ie ld ing hybr id s o r g h u m in Maharash t ra S ta te
ind ica ted tha t t h e f a r m e r is no t aga inst it. The
real reason fo r poo r adop t ion in o the r areas is
lack o f adequa te ex tens ion and s e e d p roduc t i on
e f fo r t s comparab le w i t h t h o s e i n Maharash t ra
State . A n o t h e r reason is t h e f a r m e r s ' poor
resource pos i t ion to be ab le t o a f fo rd t h e h igher
inpu t cos t o f t h e package o f r e c o m m e n d a t i o n s
fo r h igh-y ie ld ing s o r g h u m hybr ids .
M u r t y
The pr ice d i f f e rences b e t w e e n hybr id s o r g h u m
a n d local s o r g h u m in t h e paper by v o n O p p e n
s e e m t o b e exagge ra ted . W e have no t o b s e r v e d
s u c h h u g e ( 4 0 - 5 0 % ) d i f f e rences i n t h e pr ice o f
t h e t w o var ie t ies .
Prasad
A pos i t i ve re la t ionsh ip b e t w e e n p ro te in and
s o r g h u m grain pr ice d o e s no t s e e m conv inc ing
as s h o w n by v o n O p p e n . Price is a f unc t i on of
p re fe rence w h i c h i s o f t e n i n f l uenced by t h e co lo r
o f t h e gra in . For ins tance in cent ra l Tami l N a d u ,
y e l l o w e n d o s p e r m s o r g h u m gra in f e t c h e s a 
h igher pr ice than w h i t e gra in , in sp i te o f t h e fac t
tha t t h e f o r m e r con ta ins less p ro te in .
Dah lberg
G iven t h e n e e d t o m a p o u t real w o r l d d i s t r i bu -
t i ons and t r ends , as w e l l as t o apprec ia te t h e
larger con ten t , t h e f o l l o w i n g q u e s t i o n s e m e r g e :
1 . W h y w a s t h e r e n o a s s e s s m e n t o f h u m a n and
an ima l popu la t ion and m ig ra t i on t r ends fo r
t h e SAT?
2 . W h y w a s t h e r e no d i scuss ion o f t h e r isks o r
poss ib le i m p a c t s o f reg ional o r g lobal c l ima te
changes?
3 . W h y w a s t h e r e n o d i scuss ion o f de fo res ta -
t i on in t h e SAT as i t a f fec ts w a t e r cyc les a n d
reg imes?
4 . W h i l e t h e r e w a s s o m e d i scuss ion o f increas-
ing ene rgy pr ices, w h y w a s t h e r e n o n e o n
dec l in ing w a t e r tab les , espec ia l ly i n t h e USA?
T h e a n s w e r s m a y re late t o t h e real opera t iona l
f o c u s o f t h e s y m p o s i u m — i n c r e a s i n g t h e gra in
p roduc t i on o f s o r g h u m . There is a n e e d to m o v e
t o w a r d broader and m o r e s y s t e m s - o r i e n t e d goa ls .
Th is w o u l d requ i re g rea te r e m p h a s i s and w o r k o n
t h e f o l l o w i n g :
1 . M o r e e m p h a s i s on o the r uses o f t h e c r o p
(shel ter , f enc i ng , f ue l , fodder , etc.)
2 . M o r e e m p h a s i s on mul t i -year c ropp ing sys-
t e m s and s t r a t e g i e s — e s p e c i a l l y i n regard to
d rough t .
3 . M o r e e m p h a s i s on f ie ld -marg in in te rac t ion
a n d p a t t e r n s — e s p e c i a l l y fo r pes t p ro tec t i on .
4 . M o r e e m p h a s i s on in te rc ropp ing and d ivers i -
f i ed f a r m i n g s y s t e m s .
5 . A m o r e sys tema t i c a t t e m p t to w o r k d i rec t ly
w i t h t h e " t a r g e t " o f t h e s y m p o s i u m — t h e
peasan t in all s tages of t he research , ex-
pe r imen ta t i on and de l ivery .
Chairman: H. R. Arakeri
Co-Chairman: S. Z. Mukuru
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T h e c o n f e r e n c e r e c o m m e n d e d t h e s t reng-
t hen ing o f nat ional and in ternat ional research
p r o g r a m s o n s o r g h u m , w i t h c lose coopera-
t i on b e t w e e n the invo lved agenc ies for t h e
pu rpose o f increas ing s o r g h u m p roduc t i on .
The c o n f e r e n c e e n d o r s e d t h e c o n c e p t o f
Geograph ica l Funct ional Reg ions invo lv ing a 
coo rd ina ted t e a m o f sc ien t is ts address ing
t h e ma jo r p rob lems in t h e s e reg ions. Impor -
tan t c o m p o n e n t s o f th is concep t are t he
s t r e n g t h e n i n g o f c o m m u n i c a t i o n s , techn ica l
t rans fe r and t ra in ing, and t h e n e e d for i m -
p roved cond i t i ons and faci l i t ies fo r research .
w e r e emphas i zed as be ing o f ma jor genera l
impo r tance in l im i t ing s o r g h u m p roduc t i on , i t
w a s clear that t he m o s t impo r tan t env i ron -
men ta l const ra in ts d i f fer b e t w e e n reg ions.
Seedl ing e m e r g e n c e , h igh o r l o w t e m p e r a -
tu res , and soi l factors such as nu t r ien t
def ic ienc ies or tox ic i t ies are cons t ra in ts of
ma jor impor tance at cer ta in s i tes . Fur ther-
m o r e , seasonal pa t te rns o f c l ima te , par t i cu-
larly of w a t e r availabil i ty, are crucia l in de ter -
m in ing op t ima l plant t ype and m a n a g e m e n t
s t ra teg ies.
Because o f t he comp lex i t y o f t h e p roces -
ses w h i c h a f fec t y ie ld , t he re w a s a genera l
consensus that e f fo r t shou ld be d e v o t e d to
i m p r o v i n g e x p e r i m e n t s a n d phys io log ica l
unders tand ing in order tha t rel iable pred ic-
t ions for d i f fe ren t e n v i r o n m e n t s can be
m a d e . This is equal ly impor tan t fo r b o t h soi l
and c l imate const ra in ts and imp l ies t h e
d e v e l o p m e n t and use o f appropr ia te m a t h e -
mat ica l mode ls . So rghum y ie ld i m p r o v e m e n t
in t he 1980s w i l l involve parallel advances in
a g r o n o m i c t e c h n i q u e s a n d b r e e d i n g
m e t h o d s .
2.1.1 N e e d for a clear def in i t ion of env i ronment , .
i ts var iat ions b e t w e e n and w i t h i n seasons ,
and o f t he y ie ld- l imi t ing fac to rs a t each
si te . I t is impor tan t to ident i fy t h e re lat ive
probabi l i t ies o f occur rence of d i f f e ren t
t y p e s o f s t ress.
2 . 1 2 Increasing the input o f c rop phys io logy
in to m a n a g e m e n t and b reed ing p rog rams
for env i ronmenta l cons t ra in ts . This re-
qu i res increased emphas i s on t h e t ra in ing
of w o r k e r s in physio logica l t e c h n i q u e s
b o t h at univers i t ies and in pract ical t ra in ing
p rog rams (e.g., at ICRISAT). Lack of per-
sonne l , faci l i t ies, and f u n d s fo r phys io lo -
gical w o r k , especia l ly in deve lop ing c o u n -
t r ies, is a ma jor cons t ra in t to s o r g h u m
yie ld i m p r o v e m e n t .
2 . 1 3 Ma jo r advances i n s o r g h u m i m p r o v e m e n t
requ i res t h e creat ion o f mul t i -d isc ip l inary
t e a m s w i t h b reeders , phys io log is ts , ag ro -
n o m i s t s , c l imato log is ts , e tc . These w o u l d
be bes t concen t ra ted a t a f e w cen te rs
(e.g. , ICRISAT).
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1. General Recommendations
1.1 National and International
Research Programs
1.2 Training
Train ing is essent ia l in eve ry aspec t of
agr icu l tura l d e v e l o p m e n t ; t he t ra in ing o f sci-
en t i s t s across t h e w h o l e s p e c t r u m o f d isc i -
p l ines is impor tan t . These inc lude plant
b r e e d i n g , g e r m p l a s m man ipu la t i on , p lant
p ro tec t i on f o o d qual i ty , c rop re la t ionsh ips,
e n v i r o n m e n t a l i n t e rac t i on , p r o d u c t i o n o f
qua l i t y s e e d , e x t e n s i o n , and m a r k e t i n g .
Emphas i s shou ld be p laced on t ra in ing a d m i -
n is t ra to rs in areas o f po l icy and e x p e r i m e n t
s t a t i o n m a n a g e m e n t . T y p e s o f t r a i n i ng
shou ld inc lude deg ree , techn ica l suppor t ,
specia l t e c h n i q u e s , and re f resher cou rses .
1.3 Sorghum in the Nineties
The c o n f e r e n c e r e c o m m e n d e d that a th i rd
in ternat iona l s y m p o s i u m be he ld in 10 years '
t i m e t o r e v i e w t h e p rogress m a d e i n t h e
1980s and m a k e r e c o m m e n d a t i o n s and se t
goa ls fo r t h e 1990s.
2. Factors Limiting
Sorghum Production
A l t h o u g h cer ta in fac to rs , part icular ly d rough t ,
2.1 Environmental Stress
2.1.4 N e e d fo r i m p r o v e d i n fo rma t i on serv ices to
col la te and index data f r o m past and f u t u r e
s o r g h u m e x p e r i m e n t s . These w o u l d a lso
be bes t coord ina ted a t o n e center .
2 .1.5 N e e d fo r a m i n i m u m data se t to be
co l lec ted and repo r ted in all e x p e r i m e n t s
tha t w o u l d inc lude m e a s u r e s o f env i ron -
m e n t , soi l fac to rs , f a r m i n g s y s t e m s and
crop pheno logy .
2.1.6 M o r e basic phys io log ica l research in c rop
a n d s t ress phys io logy is essent ia l fo r
l o n g e r - t e r m a d v a n c e s . T h i s m a y b e
ach ieved e f fec t i ve ly in re lat ion to s o r g h u m
in t h e SAT by encourag ing con t rac t re-
search .
2.1.7 M o r e exchange p r o g r a m s and confer -
e n c e s w o u l d fac i l i ta te rapid i n f o rma t i on
t ransfer .
2 .1 .8 There is a n e e d fo r t h e d e v e l o p m e n t o f
i m p r o v e d d iagnost ic t echn iques for nu t -
r ient de f i c ienc ies o r excesses . An ins t i tu te
— p e r h a p s I C R I S A T — s h o u l d p repare a n
appropr ia te handbook .
2.1.9 The d e v e l o p m e n t o f s imp le , rel iable, and
rapid sc reen ing t e c h n i q u e s tha t w o u l d be
su i tab le fo r use in ear ly seg rega t ing gener-
a t i ons i s u rgen t l y requ i red . H o w e v e r ,
m o r e e f fo r t needs t o b e concen t ra ted o n
val idat ing each s t ress s i tua t ion b e f o r e
t h e y are t o o w i d e l y app l ied . The ident i f ica-
t i on and va l idat ion o f appropr ia te charac-
te rs w i l l be ach ieved bes t by t h e fu l l - t ime
par t ic ipat ion, w i t h phys io log is ts and ag ro -
n o m i s t s , o f a b reeder re leased f r o m t h e
cons t ra in ts o f var ie ty p roduc t i on .
2 .1 .10 S tud ies on roo t phys io logy o f s o r g h u m
shou ld be inc reased in v i e w o f i ts impo r t -
ance in nu t r i en t and w a t e r up take . The re
shou ld a lso be s o m e e m p h a s i s on bio lo-
gical n i t rogen f ixa t ion .
2.1.11 Recogn iz ing t h e large gaps b e t w e e n re-
search s ta t ion and f a r m y ie lds , an in-
c reased e f fo r t in fa rm- leve l research is
n e e d e d i n t h e 1980s .
pes t m a n a g e m e n t p rac t ices and t o m in i -
m ize rel iance on st r ic t ly prophy lac t ic pes t
c o n t o l . E c o n o m i c t h r e s h o l d s m u s t b e
es tab l i shed fo r pes t and pes t c o m p l e x e s to
ass is t in m a k i n g insect con t ro l and c rop
m a n a g e m e n t dec is ions .
2.2.2 Emphas ize research on basic aspec t s o f
pes t and benef ic ia l a r th ropod b io logy, eco l -
ogy , behavior , and popu la t ion d y n a m i c s fo r
u s e i n pes t fo recas t ing and s y s t e m s m o d e l -
ing , and in deve lop ing e f f ec t i ve and pract i -
cal i n tegra ted pes t m a n a g e m e n t s t ra teg ies
appl icable to c ropp ing s y s t e m s in b o t h
deve lop ing and d e v e l o p e d coun t r i es .
2.2.3 Con t inue e f fo r t s t o w a r d p ro tec t i ng sor-
g h u m f r o m a r t h ropod d e p r e d a t i o n s b y
b reed ing p lants res is tant t o pes ts a n d / o r
d a m a g e . Deve lop e f fec t i ve p r o g r a m s fo r
m e a s u r i n g p lant res is tance t o mu l t i p l e pes t
spec ies , inc lud ing e f f i c ien t and rel iable
t e c h n i q u e s ut i l iz ing ar t i f ic ia l ly - reared in -
sec ts to sc reen cu l t ivars under con t ro l l ed
insec t p ressure and e n v i r o n m e n t . Ut i l ize
in ternat ional pes t nurser ies to locate b road-
s p e c t r u m and s tab le sou rces o f res is tance
a n d to ident i fy insect b io t ypes . D e t e r m i n e
m e c h a n i s m s and inher i tance o f res is tance
to spec i f i c pes ts .
2.2.4 In i t iate s ign i f icant research e f f o r t s in areas
o f b io logical con t ro l t h r o u g h t h e ut i l izat ion
of e f f i cac ious natural e n e m i e s by the i r
conse rva t i on , impor ta t i on , a n d / o r a u g m e n -
ta t ion . Every e f fo r t shou ld be m a d e to
in tegra te pes t con t ro l s t ra teg ies inc lud ing
t h e use of : e f f i cac ious natural e n e m i e s ,
s o r g h u m var ie t ies w i t h pes t - res is tan t char-
ac te rs , c ropp ing pract ices un favorab le to
t h e pest , and t h e jud ic ious use o f se lec t i ve
pes t i c ides .
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2.3 Diseases
2.3.1 A c o m p r e h e n s i v e accoun t o f t h e major a n d
poten t ia l d iseases on a g loba l basis w i t h
spec i f ic r e c o m m e n d a t i o n s o n t h e f u t u r e
s t ra teg ies fo r d isease m a n a g e m e n t is avai l-
ab le in t h e pub l i shed p roceed ings o f t h e
1978 ICRISAT In ternat iona l W o r k s h o p on
S o r g h u m Diseases . The pr ior i t ies iden t i f i ed
a t tha t w o r k s h o p n e e d t o b e f o l l o w e d
e f fec t i ve l y in t h e 1980s .
2.3.2 W e r e c o m m e n d in tens ive su rveys and t h e
m o n i t o r i n g o f ma jor d iseases on coun t r y
2.2.1 Pest su rveys shou ld be c o n t i n u e d , ut i l iz ing
s i m p l e and e f f ec t i ve samp l i ng t e c h n i q u e s
t o d e t e r m i n e b o t h p reharves t a n d posthar -
v e s t c r o p losses i n o rder t o p rog ress t o w a r d
t h e d e v e l o p m e n t o f genu ine l y i n teg ra ted
2.2 Pests
2.5 Birds
2.5.1 W e r e c o m m e n d t o dono r agenc ies tha t
t h e y shou ld con t i nue t o suppor t and e n -
c o u r a g e (a) r esea rch i n t o t h e b io logy ,
m o v e m e n t s , a n d con t ro l o f Quelea and
o the r b i rd p e s t s in Af r ica , and (b) t h e
t rans fe r o f t h e t echno logy t o g o v e r n m e n t
organ izat ions t h r o u g h t h e t ra in ing o f p lant
p ro tec t i on pe rsonne l to take advan tage o f
t h e p rogress ach ieved in recen t years .
Simi lar p rog rams shou ld be in i t ia ted w h e r e
b i rds a lso severe ly d a m a g e s o r g h u m a n d
mi l l e t g ra in .
2.5.2 In m o s t s i tua t ions in Af r ica , con t ro l o f
Quelea t h r o u g h a p r o g r a m of to ta l popu la-
t i on reduc t ion i s e x t r e m e l y unl ike ly to suc-
c e e d because o f t h e h igh rep roduc t i ve
potent ia l o f t h e spec ies and t h e vas t in -
access ib le areas in w h i c h t h e b i rds are
d is t r i bu ted and because Quelea, l ike all t h e
ma jo r b i rd pes ts , are h igh ly v is ib le m ig ran t s
and oppor tun is t i c f eede rs . For pract ica l ,
e c o n o m i c a l , log ica l , a n d e n v i r o n m e n t a l
reasons , w e r e c o m m e n d and suppor t t h e
p r e m i s e tha t le tha l c o n t r o l s h o u l d be
d i rec ted only to t hose birds actual ly caus ing
d a m a g e o r w h o s e m o v e m e n t pa t te rns w i l l
take t h e m in to suscept ib le c ropp ing areas.
2.5.3 W e r e c o m m e n d that addi t ional s t ra teg ies
such as chemica l repel lents , barr iers, cu l tu -
ral and agronomic m e t h o d s , and gene t i c
de te r ren t character is t ics in t h e plant i tsel f
con t i nue to be eva luated so tha t sa fe ,
economica l , and e f fec t i ve con t ro l t echn i -
q u e s are available for use in appropr ia te
s i tuat ions, e i ther a lone or in comb ina t i on
w i t h lethal measu res .
3. Genetic Resources
3.1 The task of g e r m p l a s m resources un i ts in
t h e 1980s is eno rmous . Dur ing t h e 1970s a 
w o r k i n g co l lec t ion o f s o r g h u m g e r m p l a s m
w a s assemb led f r o m across t h e range o f
Sorghum bicolor (L.) M o e n c h . Co l lec t ions
w e r e c lass i f ied and m e t h o d s w e r e dev i sed
to main ta in t hese sources . D e m a n d s du r ing
t h e 1980s are go ing to be fo r t h e m o r e
ef f i c ien t use o f t he a s s e m b l e d g e r m p l a s m .
N e w sources o f res is tance to d iseases and
pes ts w e r e ident i f ied in landraces, and
o the r co l lec t ions p roved to be o f s u c h
super io r qual i ty that t hey w e r e d i rec t ly
incorpora ted in to breed ing pro jec ts in c o u n -
t r ies far beyond thei r or ig ins.
3.2 Qual i ty o f g e r m p l a s m has b e c o m e m o r e
impor tan t t han t h e n u m b e r o f co l lec t ions in
g e n e banks. Col lect ing rema ins an impor -
tan t task o f gene t i c resources un i ts . Bu t
co l lec t ing e f fo r ts m u s t be concen t ra ted in
t h o s e areas w h e r e landraces are in danger
o f ex t inc t ion , and in habi ta ts w h e r e g e n o t y -
pes o f part icular va lue to b reeders are
e x p e c t e d t o b e f o u n d . The n u m b e r o f
co l lec t ions, and range o f var ia t ion o f t h e
c lose w i l d and w e e d y re lat ives o f s o r g h u m
also n e e d to be increased. W i l d spec ies
7 2 9
2.4 Strlga 
2.4.1 Present research e f fo r ts to deve lop e f fec -
t i ve s y s t e m s of Striga con t ro l and t h e
i m p l e m e n t a t i o n o f con t ro l measu res are
to ta l ly inadequate fo r t h e cur ren t task. We
r e c o m m e n d that donor agenc ies se t up a 
sma l l adv isory g r o u p t o s t u d y t h e p r o b l e m
a n d to prepare proposa ls fo r a great ly
inc reased research e f fo r t on Striga. 
2.4.2 A l t h o u g h s o m e progress has been m a d e in
t h e ident i f i ca t ion o f res is tant cu l t ivars , t he re
is a n e e d to deve lop s i m p l e and rel iable
f ie ld -sc reen ing t echn iques , and to under-
s tand t h e var ious res is tance m e c h a n i s m s .
2.4.3 O t h e r aspec ts requi r ing a t ten t i on inc lude :
t h e m e c h a n i s m b y w h i c h n i t rogen and
drought stress inf luence Striga attack, parti-
cular ly in t h e m o r e res is tant var ie t ies ;
be t te r unders tand ing o f t h e pa t te rn o f
Striga seed ge rm ina t i on under f ie ld cond i -
t i ons and t h e reasons fo r reduced e m e r g -
ence under w e t a n d / o r shaded cond i t i ons ;
t h e po ten t ia l fo r b io logical con t ro l ; t h e
p o t e n t i a l f o r a r t i f i c i a l s t i m u l a t i o n b y
e t h y l e n e and syn the t i c s t i m u l a n t s ; t h e
poten t ia l fo r induc t ion o f res is tance by s e e d
harden ing w i t h phenol ic ac ids ; t echn iques
fo r d i rec t a s s e s s m e n t of y ie ld loss (as a 
m e a n s o f assess ing p e r f o r m a n c e o f resis-
t an t l ines and o f gene ra t i ng c rop loss data) .
and regional bases, and t h e a s s e s s m e n t o f
c r o p losses in t he 1980s.
taxa retain var iat ion tha t w a s lost in grain
s o r g h u m du r ing t h e p rocess o f d o m e s t i c a -
t i on .
3 .3 S o r g h u m descr ip to rs w e r e s tandard ized
dur ing t h e 1970s, and fac i l i ta te w o r l d w i d e
c o m m u n i c a t i o n a m o n g b reeders and keep-
ers o f g e r m p l a s m . This d o e s no t m e a n that
descr ip to r l ists may no t be rev ised . N e w
in fo rmat ion f r o m b reeders and o the r sc ien-
t i s ts w o r k i n g w i t h co l lec t ions m u s t c o n -
t inuous ly be added to t h e data bank. For
fu tu re co l lec t ions a greater e f f o r t m u s t be
m a d e t o record m o r e i n fo rma t i on a t t h e
t i m e o f co l lec t ing . Tradi t ional f a rme rs are
expe r i enced p lant b reeders , a n d usual ly can
prov ide impor tan t i n fo rma t ion on adapta t ion
to soi l and c l imate , d isease and pes t resist-
ance , uses , and t h e nut r i t i ve va lue o f t h e
cul t ivars tha t t hey g r o w . Such i n fo rma t i on is
o f vi tal impo r tance in g e r m p l a s m banks .
E f fo r ts t o c o m p u t e r i z e al l g e r m p l a s m da ta
m u s t con t inue . Compu te r -ass i s ted retr ieval
s y s t e m s are p re requ is i tes for t h e e f f i c ien t
opera t ion o f gene t i c resources un i ts .
3.4 The va lue o f t h e s o r g h u m g e n e bank can be
fu l ly real ized only w h e n co l lec t ions and
se lec ted g e n o t y p e s are avai lable in pack-
ages use fu l t o b reeders . Co l lec t ions m u s t
be sc reened fo r agronomica l l y use fu l t ra i ts ,
w h e r e v e r poss ib le in co l laborat ion w i t h
b r e e d e r s , e n t o m o l o g i s t s , p a t h o l o g i s t s ,
phys io log is ts a n d o the r i n te res ted sc ien-
t i s t s , as s o o n as poss ib le a f ter t h e y en te r
g e n e banks . G e n o t y p e s o f s ign i f i cance
m u s t c o n t i n u o u s l y b e so r t ed ou t , and
p rese rved separa te ly f r o m t h e parent co l -
lec t ion . T h e n e e d i s a lso g o i n g to increase
fo r poo l s o f g e n o t y p e s a n d co l lec t ions w i t h
k n o w n res is tance t o d i sease and insec ts ,
d r o u g h t to le rance , excep t iona l grain qua l -
i t ies , h igh y ie ld unde r d i ve rse e n v i r o n m e n -
ta l cond i t i ons , a n d adap ta t ion to spec i f i c
g e o g r a p h i c a n d c l ima t i c reg ions . Such
p o p u l a t i o n s c a n s e r v e a s i m m e d i a t e
s o u r c e s o f des i rab le g e n e c o m p l e x e s i n
b r e e d i n g p ro jec ts .
3.5 Convers ion pro jec ts m u s t be expanded and
acce le ra ted . Tropica l l ines c o n v e r t e d fo r
u s e i n t h e t e m p e r a t e zone m u s t be incorpo-
ra ted in g e n e banks fo r use in t h e t rop ics .
Se lec ted g e n o t y p e s m u s t a lso be incorpo-
ra ted in to conven t iona l A f r i can and Indian
b reed ing l ines, and the s ign i f i cance o f w i l d
g e r m p l a s m in b reed ing p ro jec ts m u s t be
exp lo red .
3.6 M e c h a n i s m s for t h e e f f i c ien t e x c h a n g e o f
g e r m p l a s m m u s t be es tab l i shed . I t i s
essent ia l tha t ou t s tand ing co l lec t ions be
eva lua ted and ma in ta ined in regional loca-
t ions in Af r ica, t he Amer i cas , and a t ICRI-
SAT. This w i l l encou rage w i d e r use o f th is
g e r m p l a s m across a broad area of s o r g h u m
cul t i va t ion . I t w i l l a lso p rov ide an added
d e g r e e o f sa fe ty to t h e conse rva t i on o f
va luable g e r m p l a s m .
3.7 ICRISAT m u s t be c o m m e n d e d for i ts fo re -
s ight in t he 1970s in es tab l i sh ing a gene t i c
resources unit . This, in ou r v i e w , w a s an
essent ia l s t ep to ensu re t h e t ime l y col lec-
t i on , conserva t ion , and ut i l izat ion o f t h e
rapidly van ish ing s o r g h u m g e r m p l a s m . The
cur ren t e f fo r t s and act iv i t ies o f th i s uni t are
excep t iona l . W i t h imag ina t ive use o f t he
a s s e m b l e d a n d s t i l l - to-be-co l lected g e r m -
p lasm, s o r g h u m i m p r o v e m e n t dur ing t h e
1980s w i l l be enhanced .
4. Genetics and Breeding
4.1 D e v e l o p m e n t o f super ior var ie t ies and hy-
br ids has occur red over a long per iod of
t i m e . In te res t is increas ing to he lp subs is t -
ence f a rme rs l iv ing in harsh env i r onmen ta l
cond i t i ons . The con t r ibu t ion o f res is tance
tra i ts and he teros is to stabi l i ty is impor tan t ,
part icular ly to subs i s tence fa rmers , a n d
con t i nues to need fu r ther eva luat ion and
appl ica t ion .
4 .2 The g e r m p l a s m base in m o s t t radi t ional
f a r m i n g areas is qu i te na r row, res t r ic t ing
gains f r o m se lec t ion . The use fu lness o f
in t roduc t ion as a m e a n s of g e r m p l a s m
divers i f i ca t ion is w i d e l y recogn ized . The
con t r i bu t i on o f local var iet ies to adapta t ion
is a lso recogn ized . Cross ing b e t w e e n local
var ie t ies and se lec ted h igh-y ie ld ing in t ro-
duc t i ons is a va luable approach to deve lop -
ing we l l -adap ted var ie t ies and hybr ids tha t
respond to m a n a g e m e n t inpu ts . I t shou ld
be recogn ized tha t use fu l var ie t ies and
hybr ids d e v e l o p e d f r o m in t roduced m a t e -
rials m a y a lso con t r i bu te to h igh y ie ld and
stabi l i ty . This approach has been and shou ld
be fu r the r exp lo i ted .
4 . 3 Tradi t ional b reed ing m e t h o d s and popula-
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t i on m e t h o d s us ing recur rent se lec t ion are
c o m p l e m e n t a r y , and bo th shou ld b e e m -
p loyed . A n in terac t ing in ternat ional n e t w o r k
fo r popu la t i on b r e e d i n g shou ld be de -
v e l o p e d . Evaluat ion o f popu la t ion b reed ing
p rocedu res fo r d i f fe ren t cr i ter ia shou ld be
u n d e r t a k e n .
4 .4 T h e unders tand ing o f apomix i s in s o r g h u m
has i m p r o v e d ; t h e potent ia l pract ical ex-
p lo i ta t ion o f apomix i s in t h e vege ta t i ve
p roduc t i on o f hybr id s e e d needs to be
es tab l i shed . Fur ther s tud ies o f c y t op l asm-
g e n o m e in terac t ion as re la ted to gene t i c
vulnerabi l i ty are requ i red .
4 .5 The impor tan t fac tors reduc ing y ie ld are
w i d e l y recogn ized . M o s t o f t h e s e p r o b l e m s
are seve re in relat ively broad geograph ic
reg ions. Their so lu t ion in part res ts on an
unders tand ing o f t he m e c h a n i s m s o f resist-
ance and h o w t h e s e are inher i ted . Greater
unde rs tand ing o f t h e s e fac to rs fo r a l m o s t
all impor tan t t ra i ts is requ i red in t h e 1980s.
4 .6 A m i n i m u m data set , inc lud ing c l imato log ic -
a l pa ramete rs , cu l t ivars used , p lant ing and
harves t da tes , fert i l izer appl icat ion, e tc . ,
shou ld be a c c u m u l a t e d as part o f y ie ld tr ial
a n d sc reen ing nursery act iv i t ies to fac i l i ta te
be t te r in terpre ta t ion o f research data.
4 .7 There i s n e e d to be t te r unders tand t h e
phys io log ica l basis o f " a d a p t a t i o n " , and
h o w th is can be t rans la ted in to pract ical
p roduc t i on .
reduced . There fo re , to increase y ie lds , soi l
fer t i l i ty w i l l n e e d to be ma in ta i ned and
e n h a n c e d , part icular ly by us ing local ly avai l -
able mater ia ls such as l ime , s t r aw , ash , rock
phospha te , and an ima l manu re . The u s e o f
t h e s e inputs , as w e l l as o the r m a n a g e m e n t
inpu ts ach ievable by subs i s t ence f a rme rs
on smal l ho ld ings, n e e d research e m p h a s i s
dur ing t h e 1980s.
5.3 T h e use o f g o o d cul tural t echn iques , i.e.,
s e e d b e d preparat ion, mechan ica l s o w i n g ,
and w e e d i n g , are essent ia l t o ob ta in g o o d
resu l ts . A t t en t i on has been d i rec ted to
an ima l -d rawn i m p l e m e n t s . Research on
such e q u i p m e n t and on t h e mod i f i ca t i on o f
s imp le r too ls cur rent ly used by f a r m e r s to
be t te r adapt t h e m to local cond i t i ons and to
o f fe r f a rme rs a greater cho i ce of d i ve rse
e q u i p m e n t s h o u l d c o n t i n u e . A t t e n t i o n
s h o u d be paid to t h e use o f m o t o r i z e d
e q u i p m e n t w h e r e re levant . The use o f f a r m
mechan iza t ion in areas of in tens ive labor
use shou ld be carefu l ly eva lua ted fo r long-
t e r m possib i l i t ies in t h e c reat ion o f j ob
oppor tun i t i es .
5.4 A t ten t ion w a s focused on postharvest grain
losses, w h i c h represent abou t 1 0 % o f
s o r g h u m produc t ion . M a n y cen te rs appear
to be carry ing ou t research on pos tha rves t
techno logy . Howeve r , t he re i s r o o m fo r
m o r e research, part icular ly to re f ine and
i m p r o v e t radi t ional m e t h o d s .
5.5 There is a need to e f fec t i ve ly recogn ize
qua l i ty seed as an impor tan t c o m p o n e n t in
agr icu l tura l d e v e l o p m e n t . The p roduc t ion
a n d marke t ing o f seeds w i t h qual i ty con t ro l
has m a n y aspec ts involv ing b o t h pr iva te
and g o v e r n m e n t con t r ibu t ions . A s t h e c o m -
merc ia l use of F1 hybr ids b e c o m e s poss ib le ,
i t is e x t r e m e l y impor tan t tha t t h e re levant
au thor i ty in a coun t ry takes t h e t i m e to
s t u d y the seed indust ry in t h o s e coun t r ies
w h e r e i t is es tab l ished in o rder to ob ta in
data on i t as a gu ide in deve lop ing the i r o w n
s y s t e m . Relegat ing t he p roduc t ion and mar-
ke t ing of seed to a d e p a r t m e n t of agr icu l -
t u re o r an ex tens ion serv ice w i l l a l m o s t
cer ta in ly result in fa i lure to have adequa te
quant i t ies o f qual i ty s e e d in t h e r ight p lace
a t t h e r ight t i m e for t h e fa rmer .
5 .6 In te res t i s increas ing in t h e g r o w i n g o f
s o r g h u m in n e w areas: fo r examp le , i n
areas marg ina l fo r ma ize ; s o r g h u m fo l l ow-
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5. Production Technology
5.1 M u c h has been learned abou t in terc rop-
p ing , mu l t i p le c ropp ing , a n d relay c ropp ing
dur ing t h e 1970s. These techn iques are
c o m m o n l y assoc ia ted w i t h subs i s t ence
agr icu l tu re in an e f fo r t to reduce r isk; bu t
t h e y are also e m p l o y e d , to a m o r e l im i ted
ex ten t , w h e r e h igh y ie lds are recovered
f r o m respons i ve var ie t ies i n h igh- inpu t
s i t u a t i o n s . T h e i nden t i f i ca t i on o f h i g h -
y ie ld ing var ie t ies and hybr ids se lec ted to f i t
d i f f e ren t c rop re la t ionships and manage -
m e n t inpu ts , fo r h igher y ie ld re tu rns than
are cur ren t ly be ing real ized, shou ld be
eva lua ted in a range of s o r g h u m - g r o w i n g
e n v i r o n m e n t s in t h e 1980s .
5.2 In Af r ica , and e l s e w h e r e , as p ressure on
land u s e increases, soi l fer t i l i ty is be ing
ing r i ce ; s o r g h u m on l o w - p H soi ls w h e r e
a l u m i n u m tox ic i t y is a p r o b l e m ; and t h e
possib i l i t ies of ra toon ing , part icular ly in
areas w i t h b imoda l rainfal l . S o r g h u m in
t h e s e s i tua t ions can con t r i bu te use fu l l y t o
inc reased f o o d p roduc t i on , and such d e -
v e l o p m e n t shou ld b e e n c o u r a g e d .
5.7 Bes ide conce rn for i m p r o v i n g p r o d u c t i o n
pract ices on f a r m e r ' s f ie lds , t h e r e is a 
recogn ized n e e d to d e v e l o p a be t t e r under-
s tand ing o f and t h e capabi l i ty fo r deve lop ing
and manag ing e x p e r i m e n t s ta t ions . I t i s
r e c o m m e n d e d tha t educat iona l and t ra in ing
ins t i tu t ions be e n c o u r a g e d to take a m o r e
ac t ive in te res t in th i s area.
6.1 I t is impera t i ve tha t g o v e r n m e n t s in de -
ve lop ing SAT coun t r i es i m p l e m e n t a plan
for t h e p roduc t i on o f loca l ly -adapted f o o d
c rops to be inc reased so tha t impor ta t i on o f
f o o d gra ins w o u l d no t b e n e e d e d . A t
p r e s e n t t h e r e are coun t r i es i n t h e s o r g h u m -
g r o w i n g areas o f t h e SAT tha t have t o
i m p o r t large quan t i t i es o f o t he r f o o d gra ins
annua l ly in o rde r to f e e d t h e popu la t ion in
rapid ly g r o w i n g u rban areas and in rural
areas s t ruck by d r o u g h t a n d hunger . Spe-
cial a t t en t i on shou ld be g i ven to pr ic ing
po l ic ies regard ing loca l l y -p roduced and i m -
p o r t e d cerea ls so t ha t t h e r e i s an incen t i ve
fo r t h e f a r m e r to p r o d u c e s o r g h u m as a 
c a s h c rop .
6.2 I t i s f u n d a m e n t a l to d o c u m e n t s o r g h u m
f o o d prepara t ion prac t ices , inc lud ing decor -
t i ca t ion , mi l l ing , and c o o k i n g in areas w h e r e
s o r g h u m is t rad i t ional ly ea ten . I t has recent -
l y been s h o w n tha t severa l o f t h e s e techn i -
q u e s i m p r o v e no t on ly t h e acceptab i l i t y bu t
a lso t h e d igest ib i l i t y and nut r i t iona l qua l i ty
o f s o r g h u m gra in . Labora tory eva lua t ion
m e t h o d s o f t h e m a i n s o r g h u m f o o d s shou ld
be s tandard ized and f inancia l suppo r t be
g i ven t o laborator ies w o r k i n g w i t h t h e
f o l l o w i n g f o o d s y s t e m s : td ( th ick porr idge) ,
to be loca ted in W e s t A f r i ca ; kisra a n d injera 
( f e r m e n t e d breads) , to be loca ted in Cent ra l
A m e r i c a ; a n d r ice- l ike p roduc t s a n d noo-
d les . T h e s e laborator ies shou ld be p rov ided
so tha t t h e y can w o r k e f f i c ien t l y as reg ional
se rv i ce c e n t e r s fo r b r e e d i n g p r o g r a m s .
A d e q u a t e suppo r t shou ld b e g i v e n fo r
s tud ies o n t h e f u n d a m e n t a l f o o d t echno lo -
gy p roper t i es o f s o r g h u m , invo lv ing mi l l ing
a n d cook ing , and the i r re lat ion to s e e d
qual i ty .
6.3 D o c u m e n t a t i o n o f t h e p resen t s o r g h u m
food-ea t ing hab i ts is requ i red in re la t ion to
t h e c rop ' s nut r i t iona l s ta tus . S tud ies i n
t rad i t ional so rghum-ea t i ng areas to d o c u -
m e n t t h e c o m p o s i t i o n o f t h e in teg ra ted
f o o d in re la t ion to nut r i t ional s ta tus shou ld
g ive t h e basis fo r fu r the r s tud ies w i t h
expe r imen ta l an ima ls and h u m a n s so tha t
w e can be t t e r unde rs tand h o w s o r g h u m i s
bes t ut i l ized as a f o o d .
6 .4 D e v e l o p m e n t o f t h e nut r i t iona l qua l i ty o f
s o r g h u m is essent ia l . S tud ies on t h e sor-
g h u m t a n n i n s and p o l y p h e n o l s , w h i c h
m i g h t be agronomica l l y des i rab le bu t w h i c h
are de t r imen ta l to d iges t ion and p ro te in
ut i l izat ion, m u s t be in tens i f i ed . Thei r che -
mica l ident i f i ca t ion , phys io log ica l ro le, and
m e t h o d s fo r the i r remova l by ex t rac t ion ,
alkal ine t r e a t m e n t , and decor t i ca t ion m u s t
be cons ide red . Pro te in qual i ty i m p r o v e m e n t
in s o r g h u m gra in shou ld con t i nue as a 
research ob jec t i ve us ing all avai lable g e r m -
p lasm, w i t h specia l e m p h a s i s on y ie ld
stabi l i ty and food-gra in qual i ty . S tud ies on
s o r g h u m pro te in and ene rgy avai labi l i ty
w i t h in v i t ro and in v ivo m e t h o d s shou ld be
in tens i f i ed w i t h specia l e m p h a s i s on i ts
re lat ion t o t h e s t ruc tu re and chem ica l c o m -
pos i t ion o f t h e s e e d , and on i ts re lat ion to
h u m a n nut r i t ion .
6.5 N e w d e v e l o p m e n t s i n s o r g h u m f o o d pro-
cess ing are requ i red . To re l ieve t h e hard
w o r k of hand-decor t i ca t ion in rural areas, i t
is essent ia l tha t su i tab le v i l lage-scale decor-
t i ca t ion a n d mi l l ing t e c h n i q u e s be de-
v e l o p e d and e f f i c ien t ly i n t roduced in areas
w h e r e s o r g h u m is deco r t i ca ted . I f s o r g h u m
i s go ing t o c o m p e t e w i t h maize and w h e a t
in t h e u rban areas, t h e r e is a n e e d fo r
e f f i c ien t industr ia l mi l l s t ha t can p roduce a 
w h i t e f l o u r o f t h e ava i lab le s o r g h u m
var ie t ies w i t h a mi l l ing y ie ld o f no t less than
8 0 % . Conven ien t , a t t rac t ive , and nut r i t ious
f o o d s f r o m s o r g h u m w i t h a n i m p r o v e d
shel f - l i fe m u s t be u rgen t l y d e v e l o p e d and
m a r k e t e d .
6 .6 T h e d e v e l o p m e n t o f t h e industr ia l uses o f
s o r g h u m — f o r e x a m p l e , m a l t , b r e w e r s
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6. Food Quality and Utilization
7.1 The re is n e e d fo r c loser co l laborat ion be -
t w e e n bio logical and s o c i o e c o n o m i c resear-
che rs t o address s u c h p r o b l e m s as t h e
f o l l o w i n g :
7.1.1 Evaluat ion o f s o r g h u m i m p r o v e m e n t no t
on ly as y ie ld per hec ta re bu t also as re tu rns
per un i t of labor, part icular ly at peak labor-
d e m a n d pe r i od .
7.1.2 To e x a m i n e t h e d i f ferent ia l impac t o f cerea l
gra in p r o c u r e m e n t pol ic ies on s o r g h u m
produc t i on and d is t r ibu t ion .
7.1.3 To exp lo re w a y s t o w o r k w i t h nat ional
g o v e r n m e n t s to ass is t in evo lv ing pol ic ies
tha t w i l l suppo r t and encou rage n e w t e c h -
no logy .
7.1.4 To eva luate ma rke t va lue fo r uses of sor-
g h u m as f e e d , cons t ruc t i on , and fue l i n
re lat ion to grain so tha t p roper ly ba lanced
c rop i m p r o v e m e n t ob jec t i ves can be de -
f i ne d .
7.2 Based on soc i oeconom ic cr i ter ia, i t is desir-
ab le to p lace h igher research pr ior i ty on
coun t r i es in Af r ica than in t h e past . A 
t w o - p r o n g e d s t ra tegy is r e c o m m e n d e d : a 
shor t - run s t ra tegy w i t h e m p h a s i s on in -
c r e m e n t a l c h a n g e u s i n g h i g h - y i e l d i n g
var ie t ies and hybr ids w i t h inpu ts , and a 
long-range s t ra tegy to increase p roduc t i on
i n e n v i r o n m e n t a l l y h a r s h e r c o n d i t i o n s
w h e r e l o w soi l fer t i l i ty and e ros ion are
p r o b l e m s .
7.3 I t i s r e c o m m e n d e d tha t researchers shou ld
deve lop a range of techno log ica l op t i ons
rather t han inf lex ib le packages fo r f a rmers .
As far as poss ib le , adapt ive research shou ld
be carr ied ou t in f a r m e r s ' f ie lds . The ac tua l
s i tua t ion , resources , and m e t h o d o l o g i e s o f
t h e f a r m e r shou ld be fu l ly unde rs tood and
mod i f i ca t i ons and i m p r o v e m e n t s shou ld be
t r ied w i t h t h e fa rmer . Their va lue shou ld be
7. Socioeconomic Considerations
gr i ts , s ta rch , f iber ( for paper and bu i ld ing
board) , e thano l (for fuel) and f e e d — s h o u l d
be act ive ly s t imu la ted to m a k e deve lop ing
SAT coun t r i es m o r e se l f -su f f i c ien t i n t h e s e
c o m m o d i t i e s . Emphas is shou ld b e g i ven t o
inves t iga te t h e feasib i l i ty o f i n tegra ted sys-
t e m s fea tu r ing who le -p lan t c ropp ing , e .g . ,
s w e e t s o r g h u m s p roduc ing f o o d , f e e d ,
f iber , and f u e l .
assessed a t each s tage ; o the r e x p e r i m e n t
s ta t i on p r o g r a m s shou ld b e s ta r ted w i t h
t h e ob jec t o f enhanc ing t h e f a r m e r ' s cur-
ren t s ta tus .
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Valedictory Speech
A. H. Bunting*
Mr . Cha i rman , co l leagues , and f r iends ,
On behal f o f all m e m b e r s o f th i s S y m p o s i u m , as
w e l l as on my o w n behal f , I w a n t t o thank t h e
sponso rs , ICRISAT, I N T S O R M I L , and t h e Indian
Counc i l o f Agr icu l tu ra l Research , fo r p rov id ing th is
S y m p o s i u m , a n d fo r m a k i n g i t poss ib le fo r us to
a t t e n d , t o learn so m u c h , t o m e e t each o ther , and
to e x c h a n g e our op in ions and exper iences . I w a n t
a lso t o thank t h e organizers and o the rs w h o have
he lped to m a k e th is so sp lend id an occas ion . I 
th ink here no t on ly o f t he m a n y peop le w h o are
n a m e d in our p rog ram, inc lud ing t h e cha i rmen ,
t h e co -cha i rmen and the rappor teurs , bu t also o f
t h e m a n y o the rs w h o are no t n a m e d , inc lud ing t h e
t rans la to rs , t h e secretar ia l and t h e o f f i ce staf f , t h e
c a n t e e n w o r k e r s and t h e bus dr ivers , w h o have
w o r k e d long hours t o serve us, w i t h o u t comp la in t
a n d indeed w i t h e n t h u s i a s m . I w o u l d l ike you to
jo in w i t h m e i n exp ress ing t o t h e m our w a r m e s t
t hanks for all t h e y have done .
W e shall all r e m e m b e r w i t h p leasure t h e m a n y
ev idences o f p roduc t i ve coopera t i on b e t w e e n
ICRISAT, Texas A & M Un ivers i ty and the P ioneer
Seed C o m p a n y . No d o u b t t h e s e c lose and ha rmo-
n ious re la t ionsh ips w o u l d g i ve specia l de l igh t to
M r . Pat M o o n e y , t h e au thor o f " S e e d s o f t h e
E a r t h . " Neve r the less , I canno t bu t app laud t h e
pr inc ip le and t h e bene f i t s o f c lose coopera t i on
b e t w e e n an in ternat iona l center , a un ivers i ty in a 
d e v e l o p e d coun t ry , and a d i s t i ngu i shed and reput -
ab le s e e d and plant b reed ing c o m p a n y in t h e
pr iva te sec tor , w h i c h is m o r e o v e r p rov id ing an
essent ia l serv ice in t h e deve lop ing w o r l d . I w a s
happy t o o to fee l tha t w h a t i s be ing d o n e here
bene f i t s no t on ly t h e h u m a n c o n s u m e r s o f sor-
g h u m in t h e deve lop ing coun t r i es bu t a lso t h e
s teers , c o w s and o the r an ima ls o f Texas a n d
*
P r o f e s s o r o f A g r i c u l t u r a l D e v e l o p m e n t O v e r s e a s , U n i -
v e r s i t y o f R e a d i n g , W h i t e k n i g h t s , R e a d i n g , E n g l a n d .
ne ighbor ing s ta tes, and t h o s e w h o ea t the i r
p roduc ts .
N o w w e have been ta lk ing abou t s o r g h u m i n
t h e e ight ies . The m o s t impor tan t t h i ng abou t t h e
e igh t ies is tha t t hey lead to t h e n ine t ies , and t h e
n inet ies end w i t h t he year 2000 . Research d o n e in
t h e seven t ies , and m a y b e s o m e that w e shall d o
in t he e ight ies , m a y c o m e to be app l ied on a 
su f f i c ien t scale in pract ice to a l l ow d e v e l o p m e n t
to p roceed m o r e rapidly i n t he c o m i n g 20 years
than i t has d o n e in t he past 10. Perhaps i t w i l l
e v e n he lp to reverse the cur rent adverse t r ends in
Af r ica .
Bu t t he re are many e f f ec t s a n d t rade-o f fs in
d e v e l o p m e n t b e t w e e n s o r g h u m and o the r c rops ,
part icular ly t h e giants, w h e a t , ma ize a n d r ice. A l l
ded i ca ted w o r k e r s on a s ingle c rop natural ly seek
to advance i t in any w a y they can . None the less , I 
th ink we have to be realist ic abou t t h e w a y i n
w h i c h t h e w o r l d ' s f ood needs are l ikely t o evo l ve .
W e m u s t ask ourse lves, sober ly , h o w m u c h
s o r g h u m t h e w o r l d w i l l i n fact requi re in t h e year
2 0 0 0 , w h e r e i t w i l l require it. and w h a t k inds i t w i l l
requ i re . A n d w i t h t he a n s w e r s t o t h e s e ques t i ons
we m u s t ad just our research i n s u c h a w a y as t o
he lp mank ind to ach ieve t hose spec i f i c and
quant i ta t i ve d e v e l o p m e n t ob jec t i ves . The sky
canno t be t he l imit for th is c rop .
Research and k n o w l e d g e are far f r o m t h e on ly
inpu ts needed for such a d e v e l o p m e n t in t h e
cr i t ical 20 years ahead. The v o l u m e o f e f f ec t i ve
d e m a n d w i l l d e t e r m i n e the quan t i t y o f s o r g h u m
tha t w i l l be requi red by t he marke t . The re are
m a n y w e a k n e s s e s i n t he ou tpu t de l ivery s y s t e m s ,
s u c h as phys ica l in f ras t ruc ture , t ranspor t , mar -
ke ts , s torage, p rocess ing , who lesa l i ng and retai l -
i ng , and pr ices. These c o m p o n e n t s d e t e r m i n e t h e
ex ten t t o w h i c h f a rmers can sel l o f f t h e f a r m ,
w h i c h i s t he essent ia l nexus in t he w h o l e bus i -
n e s s o f agr icul tural and rural d e v e l o p m e n t . B u t
fa rmers , i n do ing th is , have t o w o r k , as we have
heard , w i t h l im i ted resources w h i c h are res t r i c ted
International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings
Symposium on Sorghum, 2 - 7 Nov 8 1 , Patancheru, A.P., India. Patancheru, A.P. India: ICRISAT.
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i n d i f fe ren t w a y s in d i f f e ren t p laces and a t
d i f fe ren t t i m e s . A n d t h e resources t h e y can
al locate to agr icu l tura l p roduc t i on are a lso requ i red
for o t he r sec to rs o f the i r l i fe s y s t e m s . Conse-
quen t l y , a ve ry c o m p l i c a t e d s to ry i ndeed l ies
b e t w e e n n e w k n o w l e d g e , t h e p roduc t o f re-
search , and inc reased o u t p u t and c o n s u m p t i o n a t
t h e e n d o f t h e day.
The resources o f f a r m e r s are no t c o n f i n e d , let
us r em ind ou rse l ves , to t h e c lassical fac to rs o f
land, labor a n d capi ta l , a l t hough by su i tab le
de f in i t i ons we can f i t all r esources in to o n e o r
o the r o f t h o s e o m n i b u s packages . W e have t o
th ink also o f s e e d , e q u i p m e n t , k n o w l e d g e , che -
m ica ls , c red i t a n d m a n y o t h e r t h i ngs , as w e l l as o f
ex te rna l e n c o u r a g e m e n t , se rv ices and suppor t ,
part icular ly f r o m t h e po l icy o f g o v e r n m e n t s . De -
v e l o p m e n t in A f r ica m i g h t w e l l t ake a d i f f e ren t
cou rse i f g o v e r n m e n t s w e r e ab le t o b e m o r e
e f fec t i ve . M a n y A f r i can g o v e r n m e n t s and gove rn -
m e n t se rv ices are i nexpe r i enced and s o m e are
uns tab le . M a n y o f t h e m have grea t d i f f i cu l ty i n
f o r m i n g and e x e c u t i n g d e v e l o p m e n t p lans.
Technica l ly , t h e r e i s no th i ng basical ly w r o n g
w i t h A f r i ca , e x c e p t pe rhaps i n t h e m o s t ar id
reg ions . A l l o f us he re k n o w a b o u t t h e substant ia l
p rog ress w h i c h Kenya has b e e n able t o m a k e , and
I have recen t l y had t h e ve ry p leasant expe r i ence
o f see ing t h e remarkab le p rog ress m a d e i n
Z i m b a b w e . By increas ing t h e pr ice o f ma ize to
f a r m e r s f r o m 7 5 t o 120 Z i m b a b w e dol lars per
t o n n e , Z i m b a b w e has ha rves ted fo r herse l f i n o n e
year, a d m i t t e d l y a favorab le o n e c l imat ica l ly , ove r
a mi l l i on t o n s o f m a i z e m o r e t h a n s h e requ i res fo r
in terna l c o n s u m p t i o n o r use . T h e j o b can b e d o n e
techn ica l l y i n m a n y coun t r i es o f A f r i ca , bu t t h e
p r o b l e m s abou t d o i n g i t a re m o s t l y no t a t t h e
research e n d . I n c o m p l e t e as i t is, we a l ready have
k n o w l e d g e e n o u g h in A f r i ca to do a g rea t dea l
be t t e r t han w e are d o i n g n o w . The nega t i ve
t r e n d s in Af r ica are no t so le ly d u e to lack o f
k n o w l e d g e . W e shal l c la im t o o m u c h i f w e say
" g i v e u s m o n e y , w e w i l l d o research , and w e w i l l
so lve t h e A f r i can f o o d p r o b l e m . "
Research d o e s no t address i tsel f , o r l i s ten , to
f a rme rs a lone. I t has m a n y o t h e r c l ien ts bes ides
g r o w e r s . I t has to speak to g o v e r n m e n t s , c iv i l
se rvan ts , d e v e l o p m e n t agenc ies , and t h e s u p -
pl iers o f e q u i p m e n t a n d inpu ts and t h e se l lers o f
o u t p u t s . The research w o r k e r has t o address
h imse l f , and l i s ten , to all t h e s e peop le . H e n c e , all
m o d e l s w h i c h have n o m o r e t h a n research o n o n e
s ide and t h e f a r m e r on t h e o the r are undu l y
s i m p l e . T h e y rep resen t an undu l y l im i ted c o n c e p -
t i on o f t h e f unc t i ons o f k n o w l e d g e in agr icu l tura l
c h a n g e and d e v e l o p m e n t , part icular ly in t h e poor-
e r coun t r i es , t hey are not e v e n appropr ia te in t h e
d e v e l o p e d coun t r ies , even t h o u g h s o m a n y o f t h e
cons t ra in ts on c h a n g e i n t h e m have been m a n -
a g e d tha t k n o w l e d g e m a y i ndeed b e c o m e a ma jo r
l im i t ing fac tor to p rog ress .
Al l t h e s e fea tu res vary e n o r m o u s l y in d i f fe ren t
par ts o f t he ve ry ex tens i ve and sca t te red d o m a i n s
w h e r e s o r g h u m i s g r o w n . S o r g h u m sc ien t i s t s
n e e d to be a w a r e o f t h e d i ve rse ob jec t i ves ,
po ten t ia ls , cons t ra in ts and a l te rnat ive oppo r tun i -
t ies o f s o r g h u m g r o w e r s i n t h e s e m a n y a n d
d ive rse d o m a i n s , and t h e y have to ar range the i r
goals and pr ior i t ies in research accord ing ly . S ince
t h e y t e n d t o be locale-speci f ic , t h e r e can be no
o n e s ing le , or s imp le , se t of goa ls and ob jec t i ves . I 
be l ieve t he re fo r e tha t i t i s ve ry i m p o r t a n t tha t
ICRISAT shou ld con t i nue i ts e f f o r t s to unde rs tand
c o m p r e h e n s i v e l y t h e t r ue na tu re o f t h e s o r g h u m
produc t i on a n d d e m a n d p r o b l e m s i n t h e d i f f e ren t
te r r i to r ies o f t h e ear th i n w h i c h s o r g h u m i s n o w
i m p o r t a n t o r m i g h t b e c o m e impo r tan t i n t h e
fu tu re .
M u c h i n fo rma t i on re levant t o th is c o m e s f r o m
t h e ex is t ing p rac t i ces o f g r o w e r s , fo r w h o m I 
persona l l y have t h e ve ry h ighes t respec t . In 1 8 9 1 ,
a f te r h is 2-year v is i t t o India, A . J . Voe l cke r w r o t e :
"Prac t ica l enqu i ry , o r t h e ob ta in ing o f k n o w -
ledge respec t i ng agr icu l tura l p rac t ice , p recedes
b o t h sc ient i f i c enqu i r y and e x p e r i m e n t . The
sc ien t is t , w i t h o u t s o m e k n o w l e d g e o f t h e
pract ical i ssues invo lved , is unab le to push his
enqu i r ies in t h e r ight d i rec t ion , a n d h o w e v e r
able his research is, he m a y fai l f r o m be ing
unpract ica l . Simi lar ly t h e expe r imen te r , w i t h o u t
a k n o w l e d g e of w h a t is d o n e e l s e w h e r e , or
w h a t i s w i t h i n t h e reach o f t h e cu l t ivator , m a y
w a s t e b o t h t i m e and m o n e y i n t r y ing w h a t has
no chance o f eve r b e c o m i n g o f any pract ical
va lue.
" T h e pract ical m a n m u s t f i rs t b e c o m e thor-
o u g h l y conve rsan t w i t h w h a t i s be ing d o n e in
nat ive agr icu l tu re , a n d w i t h t h e cond i t i ons
unde r w h i c h i t i s car r ied o n . T h e n t h e sc ien t i s t
m a y c o m e in and expla in t h e rat ionale o f t h e
prac t ice and m a y app ly t h e s e pr inc ip les t o t h e
e x t e n s i o n o f t h e be t te r s y s t e m s a n d t o t h e
d i scove ry o f f u r t he r resources . Final ly by t h e
happy c o m b i n a t i o n o f sc ience and prac t ice t h e
w o r k o f e x p e r i m e n t m a y p r o c e e d in a de f i n i t e
a n d use fu l d i rec t i on . I n th i s w a y , s o m e advance
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i n agr icu l tu re m a y be m a d e .
" I be l ieve tha t i t w i l l be poss ib le , he re and
the re , to graf t on to nat ive prac t ice t h e resu l ts
o f w e s t e r n exper ience , bu t t h e ma in advance
w i l l c o m e f r o m an enqu i r y in to nat ive agr icu l tu re
a n d f r o m t h e ex tens ion o f t h e be t te r ind igenous
m e t h o d s t o par ts w h e r e t h e y are no t k n o w n o r
e m p l o y e d . "
Co l leagues , tha t w a s w r i t t e n 90 years ago.
I w a n t to i l lust rate t h e pr inc ip le by s o m e
e x a m p l e s f r o m no r the rn Niger ia . I am a w a r e that
no t eve ryone here w i l l agree w i t h w h a t I am go ing
to say, bu t I am go ing to say i t neve r the less . S ince
I be l ieve it. I m u s t be c o n t e n t to d i f fe r f r o m t h o s e
w h o do no t fee l t h e s a m e w a y as I do .
In no r the rn Niger ia, t he w o r k o f Cur t is (1968)
ind icates tha t pho tope r i od or lack o f r esponse to
pho tope r i od is an abso lu te d e t e r m i n a n t o f t h e
t y p e o f s o r g h u m tha t can be m o s t success fu l l y
g r o w n in a part icular reg ion . M o r e o v e r , r esponse
to pho tope r i od , or lack o f it, d e t e r m i n e s no t on ly
w h a t can o r canno t be d o n e w i t h s o r g h u m , i t
d e t e r m i n e s t h e p lace o f var ious k inds o f bu l rush
mi l le t i n t h e f a r m i n g s y s t e m s and t h e nature o f
t h e in te rc ropp ing prac t ices w h i c h invo lve c o w -
peas (see Bun t i ng 1975). The reason for th is
s e e m s qu i t e s t r a i gh t f o rwa rd . I t is tha t in no r the rn
Nigeria the onset of the rains is unpredictable,
w h e r e a s t h e t e r m i n a t i o n o f t h e rains i s m u c h
m o r e p red ic tab le . I t i s poss ib le t he re f o re to use
p h o t o p e r i o d sens i t iv i ty , or lack of it, to t i m e a 
w h o l e ser ies o f ag ronom ic e v e n t s in s u c h a w a y
tha t t h e o u t c o m e carr ies m i n i m u m risk and
m a x i m u m l ike l ihood o f bene f i t t o t h e cu l t ivator .
The re is no w a y o f ach iev ing th is by us ing o the r
t y p e s o f adap ta t ion .
I am no t a t t rac ted by t h e easy se t o f w o r d s tha t
so m a n y o f us u s e — " s h o r t - s t a t u r e d , ear ly-
m a t u r i n g , pho toper iod - insens i t i ve , w ide l y -adap ted
t y p e s . " Th is is de r i ved , in part , f r o m t h e prac t ice
o f t e m p e r a t e agr icu l tu re , w h e r e i ndeed w e d o
n e e d s u c h t y p e s , each adap ted t o i ts o w n
cond i t i ons , in o rder to secu re ou rse l ves aga inst
t h e r isks o f s u m m e r d rough t . Bu t w h e n w e star t
app ly ing t h e s e c o n c e p t s t o t rop ica l cond i t i ons ,
par t icu lar ly w h e n w e have i m p o s e d t h e m o n our
research p r o g r a m as a c o n s e q u e n c e of t h e
conve rs i on p r o g r a m i n s o r g h u m , w e m a y m e e t
subs tan t ia l d i f f i cu l t ies . I f f l o w e r i n g and ma tu r i t y
c o m e t o o ear ly, w e m a y substant ia l l y increase
d a m a g e b y insec ts a n d fung i , s o t ha t w e have t o
increase res is tance to head ro ts . I f we g e t i t
w r o n g t h e o the r w a y , w e run in to d ry w e a t h e r .
and the re fo re have t o s t ep up ou r research on
adapta t ion t o d rough t . No d o u b t b o t h t h e s e so r t s
o f research are use fu l , bu t t h e r isks w o u l d be
m i n i m i z e d i f t he t i m e adapta t ion w e r e r ight. I t is
l ike shoo t i ng yourse l f in t he f oo t and t h e n cal l ing
fo r a pair of c ru tches and a ba th chair. It is far
be t te r not to shoo t yourse l f in t h e f oo t in t h e f i rs t
p lace.
Al l th is ar ises f r o m a point tha t I m a d e earl ier in
th is m e e t i n g . Al l t oo f e w o f t h e sc ien t i s ts w h o
c o m e fo r t h e f i rs t t i m e to w o r k i n t he t rop ics are
a w a r e o f t he f undamen ta l d i f fe rences b e t w e e n
tropical and t e m p e r a t e e n v i r o n m e n t s in w a t e r
reg ime and n i t rogen cyc l ing let a lone t h e d i f fer -
e n c e s in social and e c o n o m i c se t t i ngs . Th is has
led , i n my v i e w , to substant ia l w a s t a g e o f re-
sources in t ropical agr icul tural research .
N o w I w a n t to tu rn to p lant b reed ing . I am no t a 
b reeder and w h a t I say m a y t he re fo re be w r o n g as
w e l l as subvers ive . We have ev iden t l y t o i m p r o v e
our c rop in respect of a w i d e range of mu l t i p l e
o b j e c t i v e s — n o t mere l y potent ia l " h i g h " y ie ld ,
impor tan t as that is. We have heard abou t
nut r i t ional a t t r ibu tes , res is tance to s to rage pes ts ,
local adaptat ion to env i ronmenta l c i r cums tances ,
d iseases , pes ts , qual i ty for t h e c o n s u m e r a n d
m a n y o ther th ings . Breeders are b o u n d , i n my
v i e w , to keep all o f t hese ob jec t i ves cons tan t l y in
v i e w . I t may be di f f icul t to se lec t o r b r e e d . fo r
t h e m all a t once ; bu t we shall r e m e m b e r t h a t i f
we do not posi t ive ly b reed for a charac ter we are
l ikely t o b reed against it. Nor m u s t we f r a g m e n t
t h e p rocess unduly, for examp le , by ask ing
d i f fe ren t b reeders to b reed separate ly fo r d i f fe -
rent ob jec t ives .
W e m a y take encou ragemen t f r o m t h e w a y i n
w h i c h , s ince t h e early days o f IR5 and IR8. ou r
co l leagues a t IRRI in t he Phi l ippines have n o w g o t
up to IR54. In that range t hey can o f f e r var ious
t y p e s o f plant s t ruc tu re appropr ia te fo r large y ie lds
in d i f fe ren t env i r onmen ts , w i t h var ious cu l inary
qual i t ies and an increasing range o f mu l t i p l e inbui l t
res is tances to p e s t s and d iseases .
Le t me add an even c ruder e x a m p l e . That g iant
of p lant b reed ing and gene t i cs , S. C. Har land
(1949) t r a n s f o r m e d Tanguis , t h e ma in c o t t o n o f
Peru , b y w h a t h e n a m e d t h e m a s s ped ig ree
s y s t e m o f se lec t ion . By se t t i ng s tandards fo r s ix
charac ters w h i c h cou ld be m e a s u r e d on s ing le
p lants , re jec t ing p lants o r sma l l bu lks in w h i c h
t h e s e charac ters w e r e b e l o w t h e n o r m o r t h e
ar i thmet i c m e a n , and by advanc ing t h e s tandards
in success ive years , he soon p r o d u c e d popu la -
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t i ons o f i m p r o v e d qual i ty w h i c h y ie lded ve ry m u c h
m o r e than be fo re . Star t ing f r o m pre l im inary obser-
va t ions , i n 1940, t h e f i rs t w a v e o f abou t 5 0 0 0 0 0
kg o f imp roved s e e d w a s i ssued in 1943 ; and by
1949 y ie lds a round 1 t o n n e of l int per hec ta re
w e r e be ing ha rves ted on a f ie ld scale by s o m e
fa rmers . In respec t o f charac ters o the r t h a n t h o s e
for w h i c h t hey had b e e n se lec ted , t h e n e w
popu la t ions w e r e genet ica l ly h e t e r o g e n e o u s a n d
fu r the r i m p r o v e m e n t i n t h e m w a s ev iden t l y
feas ib le .
I am sure tha t b reed ing fo r mu l t i p l e ob jec t i ves is
essent ia l i f we are to a t ta in ou r ob jec t i ves
suf f ic ient ly rapidly to bene f i t h u n d r e d s o f mi l l ions
o f fa rmers and c o n s u m e r s by t h e year 2 0 0 0 . I f t h e
hybr id rou te can rapidly ach ieve t h e necessary
mu l t i p le ob jec t i ves on such a sca le tha t mi l l ions of
g r o w e r s in d i f fe ren t e n v i r o n m e n t s can bene f i t
f r o m i t w i t h i n t h e c o m i n g 20 years , w e l l and g o o d ;
bu t I w o u l d urge that th is m a t t e r be ve ry carefu l ly
cons ide red , part icular ly in re lat ion to t h e role o f
t h e seed and b reed ing indus t r ies .
Seed and b reed ing indust r ies are obv ious ly o f
cent ra l impo r tance to us. I separa te t h e t w o
del iberate ly . The f i rs t r e q u i r e m e n t m a y w e l l be a 
seed indus t ry t o m e e t t h e d e m a n d o f f a rmers for
g o o d , c lean s e e d o f su i tab le t y p e a t an acceptab le
cos t . The b reed ing indus t ry m a y t h e n c o m e a long
at a later s tage. Perhaps i t is in th is area that t h e
b ig d i f f e rence l ies, in in ternat iona l agr icul tura l
research, b e t w e e n t h e subs tan t ia l a n d increas ing
e f f ec t on ou tpu t and on y ie ld per hec ta re i n w h e a t
and r ice, and t h e ve ry m u c h smal le r g lobal e f f ec t
o n maize. I be l ieve t ha t w e w o u l d d o w e l l t o
cons ider h o w i t c o m e s abou t tha t ve ry ded i ca ted
and d e v o t e d in ternat iona l research on ma ize ,
aga inst t h e backg round o f sc ience a n d pract ice
w h i c h has m a d e ma ize i n t h e Un i t ed S ta tes t h e
h ighes t y ie ld ing cerea l i n t h e w o r l d , w i t h an
average, ac ross all ma ize g r o w e r s , o f 6 .86 m e t r i c
t o n s to t h e hec ta re on 29 mi l l ion hec ta res in 1979,
has no t had any th ing l ike t h e e f f ec t t ha t t h e
internat ional w o r k has had in w h e a t and r ice. I 
s u g g e s t t ha t th i s has t o d o w i t h t h e b reed ing
s y s t e m and w i t h t h e p r o b l e m s o f s e e d indust r ies
a n d b reed ing indus t r ies . In s o r g h u m , w h i c h i s
su f f i c ien t l y ou t - c rossed to run in to s imi lar p rob -
l e m s , w e m a y w e l l n e e d t o ad jus t our b reed ing
p rocedu res and ou r r e c o m m e n d a t i o n s t o t h e real
fac ts o f l i fe in respec t o f t h e d e v e l o p m e n t o f t h e
s e e d and p lant b reed ing indus t r ies .
W e have n o w reached t h e e n d o f th is ve r y
r e w a r d i n g s y m p o s i u m . A t th i s po in t w e say t o
each o ther , t o our g e n e r o u s and k indly hos ts , and
to th i s s p l e n d i d i n s t i t u t i o n , au revo i r , a la
p rocha ine f o i s — g o o d b y e fo r n o w , unt i l w e m e e t
again. We all look f o r w a r d to m a n y m e e t i n g s in
t h e c o m i n g 1 0 years , t o t h e f l o w e r i n g o f n e w
f r iendsh ips and n e w co l laborat ions. F rom t h e
he te ros i s w h i c h t h e s e assoc ia t ions w i l l gene ra te I 
be l ieve we shall harvest record y ie lds o f n e w and
re levan t k n o w l e d g e a n d u n d e r s t a n d i n g w i t h
w h i c h t o advance t h e p rogress o f all w h o g r o w ,
and all w h o use , t he s o r g h u m c rop and its
p roduc ts w o r l d w i d e .
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Short Communications
Climate-Yield Relationship in Traditional and Improved Sorghum
Cultivars in India During the Past Decade
Consequent to the climatic vulnerability of traditional Indian sorghums, new cultivars wi th altered plant type, duration,
dry matter production and growth rhythms have been developed and cultivated commercially.
Soil, rainfall and evapotranspiration, and yield data are available from several diverse locations during both kharif 
(monsoon) and rabi (winter) seasons over the past decade, when normal, subnormal, and above normal rainfall
situations were encountered.
A comprehensive analysis of the climatic factors, yield and their interrelationships during the decade of the
seventies is attempted. Both sole crop and cropping system yields have been considered. The implications of this
analysis on dryland sorghum improvement wil l be analyzed.
Heterotic sorghum hybrids CSH-2, CSH-3 and the their parents were analyzed for leaf area, photosynthesis rate and
activity of photosynthetic enzymes during growth and development. RuBP carboxylase and PEP carboxylase were
examined in panicle components also, during grain development. Dry matter production was greater in hybrids
compared wi th their parents. Hybrid CSH-3 accumulated more dry matter before anthesis while CSH-2 accumulated
more dry matter during grain development. Photosynthesis rate, RuBP and PEP carboxylase activity in the leaves was
similar in inbreds and hybrids. Compared wi th leaves, the panicle had a lower activity of photosynthetic enzymes.
Heterosis was not observed in the activity of photosynthetic enzymes in the panicle. The above results wi l l be
discussed to explain the higher dry matter production and yield in heterotic hybrids. Significance of dry matter
accumulation before and after anthesis wil l also be considered in relation to adaptability.
Influence of Rainfall on Grain and Stover Sorghum Yields
A study was conducted aiming at the determination of the influence of rainfall on grain and stover sorghum yields. The
study was carried out without any supplementary irrigation. It included nine environments and three varieties in each
of t w o locations of semi-arid Pernambuco, Brazil.
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Abstract
Photosynthetic Characteristics in Relation to Dry Matter Accumulation in
Sorghum Hybrids and Their Parents
Renu Khanna Chopra and S. K. Sinha
Abstract
Mario da Andrada Lira
Abstract
Short Communications
Results indicated that stover yield was highly significant and correlated wi th total rainfall during the crop cycle. For
each mm of rainfall, stover yield increased 23.7 kg/ha. There was no clear response to rainfall for grain yield. In one of
the locations, grain yield was significantly correlated wi th rainfall in the first 60 days after planting, as wel l as w i th
rainfall f rom the 40th to the 70th day of the crop cycle. For the other location, the correlations were generally not
significant. For each mm of rainfall f rom the 40th to the 70th day after seeding, grain yield increased from 10 to 52
kg/ha.
Abstract
Plants that can tolerate and grow wel l under mineral element deficiency and toxicity conditions need to be identified
and developed, so that they can be grown successfully on marginal lands and wi th fewer or limited fertil izer/soil
amendment inputs. A relatively simple and inexpensive method for screening sorghum genotypes for tolerance to
mineral element deficiencies and toxicities in nutrient solutions was developed. This method has been used
successfully to screen sorghum (Sorghum bicolor [L.] Moench) genotypes for differences in tolerance to low levels of
N, P, and Fe, and to toxic levels of Al. The method consists essentially of growing a fairly large number of plants
(60-125) in the same container wi th relatively low volumes (50-100 ml/plant) of nutrient solution containing limited
amounts of the element of concern or wi th added elements/compounds to induce a deficiency or toxicity. Conditions
that gave wide differences among genotypes for low N, P, and Fe and to toxic Al were: N—10 mg N/plant as NO3 + 
NH4 + (8:1); P—64 µmol/1 (2 mg) as KH2 PO4, calcium tribasic phosphate, or ethylammonium phosphate;
Fe—deficiency induced by adding high P or by using NO3
- only as a source of N (to raise solution pH); and A l—148
µmol Al / I (4 mg) wi th 64 µmol P/l.
Abstract
A rapid screening procedure for evaluating sorghum, Sorghum bicolor (L.) Moench, seedlings for tolerance to
aluminum (222 µM) at low pH (4.0) using a modified Steinburg nutrient solution is described. The parameter measured
is the rate of seminal root elongation observed after a 6-day treatment period. Seeds were germinated and transferred
to the treatment nutrient solutions after 3 days. Twenty-seven of 158 genotypes were found to equal or exceed the
laboratory tolerance level of SC-175-14(lS-12666C), a genotype wi th good tolerance to low pH-high aluminum soils.
Genetic studies and additional screenings of lines from the World Collection of sorghum are under way. All genotypes
tolerant to low pH and aluminum wi l l be screened for tolerance to manganese in nutrient solution and field evaluated
in soils of pH 4.0 w i th an aluminum saturation greater than 6 4 % of the C.E.C.
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Screening Sorghum Genotypes for Tolerances to Mineral
Element Deficiencies and Toxicities
Canldo Bastos and Lynn Gourley
Rapid Screening of Sorghum Seedlings for Tolerance
to Low pH and Aluminum
Aspects of Nitrogen Fertilization of Sorghum
Abstract
Nitrogen deficiency is a constraint to high sorghum yields in India. Soil nitrogen dynamics in the region are complex.
Four separate situations are considered: (a) kharif production on Vertisols; (b) kharif production on Alfisols; (c) rabi 
production on Vertisols after a kharif fallow; and (d) rabi production on Vertisols after a kharif crop. Denitrification and
nitrate leaching losses are likely problems in (a) and (b), respectively. Split applications of banded nitrogen fertilizer
under high rainfall conditions have increased fertilizer efficiency in (a) and (b). Positional availability of fertilizer, due to
dry soil zones, is a possible constraint in (c) and (d). Deep placement of fertilizer is needed in such situations. Pertinent
research involving the isotope N16 and soil nitrogen mineralization will be discussed.
Insect Pests of Sorghum in West Africa
K. F. Nwanze
Abstract
Three species of insect pests are considered important in West Africa: the shoot fly, mainly Atherigona soccata: 
sorghum midge, Contarinia sorghicola; and stem borers, mainly Busseola fusca. Over 20 species of shoot fly have
been recorded in Upper Volta. Infestations are usually low to insignificant except on very late sown crops. Midge
attack varies between seasons; it is usually low in the dry Sahelian zone but severe south of latitude 13°N. It is
generally insignificant in Nigeria and Mali while "hot spots" have been identified in central and southern Upper Volta.
Stem borer infestation is caused primarily by B. fusca; however, Eldana saccharina and Sesamia calamistis are also
found. Severe infestations occur in Nigeria as far north at 12°6' latitude, being most severe at Samaru and Funtua. In
Upper Volta, B. fusca infestations occur below latitude 11°30'N where annual rainfall exceeds 900 m m . The late crop is
most severely infested.
Damage by head bugs and head worms is increasing particularly on introduced sorghums w i th compact
panicles—they are not a problem on local cultivars wi th loose panicles.
A Comparison of Three Methods for Grain Mold Assessment in Sorghum
V. M. Canez, Jr. and S. B. King
Eleven grain sorghums believed to represent a range in susceptibility to grain mold were field grown in Mississippi
wi th and without aerial misting during seed development. At physiological maturity and harvest maturity, threshed
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grain was assessed for grain mold by (1) visually rating grain for external discoloration, (2) plating surface-sterilized
grain to determine fungal infection, and (3) analyzing grain for ergosterol content to determine total fungal biomass.
Fusarium moniliforme, F. semitectum. Curvularia spp and Alternaria spp were the predominant fungi isolated. The
greatest number of fungal colonies and highest ergosterol content were associated wi th misted seed at harvest
maturity. Greater differences in fungal invasion among varieties were found wi th ergosterol analysis than w i th the
plating technique. Visual assessment of grain mold was more closely correlated w i th ergosterol levels than w i th total
fungal colonies or percent infection.
Sorghum Improvement in Association with Maize
Rene Clara, Napoleon V. Casamalthuapa, Rogelio H. Cordova, Erlberto C. Amaya,
and Vartan Guiragossian
Abstract
Sorghum is the second most important cereal (following maize) in Central America. It is most commonly intercropped
in a one to one ratio wi th maize; for example, about 9 4 % of the sorghum sown in Guatemala is intercropped w i th
maize or beans. Sorghum flour is made into tortillas directly but generally blended into flour f rom maize. The degree of
blend is influenced by the availability of maize and the market price—if the price of maize is high, it is sold and the
percentage of sorghum locally consumed increases.
The sorghum improvement program in El Salvador has most extensively used introductions f rom Texas A & M
University, ICRISAT Center, ICRISAT-CIMMYT, and Puerto Rico directly and in combination w i th locals to derive
earlier, shorter varieties w i th better grain quality. Selection and evaluation is undertaken in the intercrop. Sorghum is
sown in maize and they are in competit ion for about 68 days when the maize stalk is broken below the ear—at this
t ime the maize is 90 days old. It has been found that the sorghum-maize intercrop (distance between maize-sorghum
rows is 45 cm) is more profitable than either as a monocrop. Improved shorter varieties yield 5 0 % more in sole crop
and 3 5 % more in the intercrop than local varieties. Best yields are obtained when the maize matures in about 90 days.
The lines from El Salvador, ES-412 and SM-1, have been evaluated in Mexico and found to have good quality for
making tortillas. 
Soil Factors and Sorghum Population Optima in
Botswana
M. J. Jones, D. Raes, J. Sinciair, and I. Makin
In sorghum row-spacing/population trials in Botswana, soil factors strongly influenced crop response to the rainfall
pattern. Higher populations had higher rates of water use than low populations on a loamy sand but not on a sandy
loam, in which rooting appeared to be restricted by a naturally high bulk density. On this compact soil high populations
showed severe drought stress wi th consequent loss of yield potential, and yields peaked at about 63 000 plants/ha;
but on the loamy sand yields increased wi th population up to at least 140 000 plants/ha. It is postulated that crop
performance in a semi-arid environment depends heavily on the ability of the soil to act as a buffer against drought,
and this is a function not only of soil depth and water-holding capacity but also ease of rainfall infiltration and root
proliferation. Such factors are highly relevant in extension advice to farmers and in land capability evaluation.
7 4 4
Abstract
Population Improvement in Sorghum in Nigeria
A. Tunde Obilana
Abstract
The population improvement program in Nigeria utilizes four genetically broad-based random-mating populations as
base materials, and two main recurrent selection methods: S1 progeny testing and stratified mass selection.
Progress made so far is indicated and discussed comparatively in terms of increased grain yield and Striga 
resistance, for and among the four populations: B composite, Y composite, YZ composite and MSAR composite,
using the two recurrent selection procedures. The implication of using the ms7 type of sterility system and its
proportion in the original and advanced generation cycles is indicated.
A proposal for the possible use of a combined recurrent selection method: S1 testing plus mass selection (female
choice); for an environment wi th single growing season and additional irrigation, is discussed towards maximizing the
genetic gain f rom selection for yield and multiple disease resistance.
Breeding for Multiple Insect and Disease Resistance in Sorghum
B. S. Rana, V. Java Mohan Rao, V. U. Singh, S. Indira, and N. G. P. Rao
Abstract
Sorghum being predominantly a low input crop of the semi-arid tropics, the simultaneous incorporation of resistance
to major pests and diseases in improved cultivars is essential to confer greater levels of stability to production. Whi le
individual sources of resistance have no doubt been documented, efforts have also been made recently to identify and
develop sources exhibiting resistance to groups of pests and diseases. These wil l be documented. The mechanism
governing resistance to most sorghum pests is nonpreference. Disease resistance as in downy mi ldew and charcoal
rot is a quantitative threshold character. The nature of inheritance is generally additive for threshold characters and for
insect resistance. Stability of resistance is also under genetic control. It is possible to develop a genetic basis for
multiple resistance and pyramid genes for resistance. The plant breeding implications of breeding for multiple
resistance to sorghum pests and diseases wil l be discussed.
Pleiotropic Effects of g1 Glossy Gene in Sorghum on Leaf Structure,
Leaf Digestion, and Disease Resistance
Abstract
Some of the pleiotropic effects of the g1 glossy gene in sorghum were examined. The outer-side cell walls of cuticles
of glossy leaves in SC-112 and Rancher were observed to be thicker and harder than those of nonglossy leaves in
Zairai-Token. The nonglossy isogenic plants were always somewhat higher in leaf digestibility than the glossy isogenic
plants. This suggests that the thicker and harder cell walls of cuticles in the glossy leaves would be more resistant to
the attack of cellulose enzymes than the highly dense epicuticular waxes on the nonglossy leaf surfaces. The
relationship between glossiness and resistance to sorghum leaf blight suggests that the resistant gene to leaf blight
would be independently inherited of the g1 glossy gene.
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Mutational Studies in Sorghum
Abstract
In sorghum, induced mutagenesis as a tool for genetic improvement has made only a beginning. Seeds of grain
sorghum (Tx-414) were treated wi th various doses of gamma rays, hydrazine (HZ) and ethyl methanesulphonate
(EMS) singly and in combinations, w i th and without cysteine used as a pre and posttreatment modifier. Hydrazine was
found to be a more potent mutagen compared wi th EMS and gamma rays based on induction of chlorophyll and
morphological mutations in the M2 generation. Cysteine by itself had no toxic effect in M, nor induced any mutations in
the M2 , but when used as pre- and posttreatments of gamma irradiated and hydrazine treated material, it afforded
protection against seedling injury caused by gamma rays and HZ, and also increased the recovery of chlorophyll and
morphological mutations compared wi th single treatments. Treatments of gamma rays, EMS and HZ in all possible
combinations produced less than additive effects for the induction of mutations.
The Role of Sorghum in Rice-based Cropping Systems
D. P. Garrity, V. R. Carangal, and L. D. Haws
The development of rice-dryland crop patterns is a response to the need to intensify land use in the densely populated
Asian rice-growing areas. It was made possible by the adoption of earlier maturing rices and time-efficient
management practices. Sorghum has demonstrated good performance and exceptional yield stability in sequence
wi th rice. This appears to have been due. in particular, to three characteristics: (1) adaptability to heavy paddy soils;
(2) superior waterlogging resistance; and (3) drought resistance.
Rice-sorghum is a relatively new cropping pattern. Its present area is small, but the potential area may include
millions of hectares. Greater efforts are needed to improve sorghum technology for the unique requirements of the
postrice environment, the most critical areas of attention being crop establishment practices and varietal adaptation.
Overshadowing these needs at present, however, are the difficulties of developing market channels to sustain
production of this relatively new crop in many countries of the region.
Abstract
Most of the earlier studies on the relative stability of intercrop vs sole crop systems under rainfed conditions are based
on cross sectional data. It has been suggested that this approach is not conceptually appropriate and one should really
look for variability over t ime. An attempt has been made in this paper to analyze stability of sorghum-based
intercropping systems using a more logical model. The data have been taken f rom experiments conducted by the All
India Coordinated Sorghum Improvement Project over the past decade.
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C. S. Reddy and J. D. Smith
Abstract
S. P. Singh and D. Jha
Stability of Sorghum-based Intercropping System under Rainfed Conditions
Abstract
The transference of the high lysine trait to a plump, corneous endosperm at normal protein levels is yet to be
accomplished and distinct guidelines to breeders are not presently available. Based on a comprehensive study
involving derived plump and shrivelled lines from the high lysine Ethiopian parentage and P-721, it has been possible to
identify crosses which did not exhibit the general negative relationship between protein and lysine. The studies
yielded data on criteria for choice of parents, the direction of the cross, character associations, nature of gene action
and mating systems.
Abstract
Sorghum is the main food crop in Upper Volta. The most common insect pests are sorghum midge, stem borer
(Busseola fusca) and shoot fly. The drought that occurred in the seventies in the Sahel Region of West Africa favored
some less polyphagous pests, Poophilus costalis and aphids being among them.
Consumer Preferences and the Adoption of New Cultivars in Sahelian
West Africa
Abstract
About 8 5 % of the sorghum and millets produced in West Africa is consumed by the producer—it does not reach a 
market. Over the past 15years the rate of increase in production of sorghum and millets has been 1.8%, year wi th a 
population increase of 2.8%/year. Coastal countries, Senegal, Mauritania, and Gambia, have been increasingly
importing wheat and rice at the rate of about 10%, year. While there are organized grain markets there is a failure to
guarantee price because of a lack of ability by the government to buy, store, and market a surplus crop. Market prices
fall and the farmer loses incentive to produce.
The farmer has an array of varieties and he sows them according to such factors as soil type and fertility, rainfall, risk
aversion and consumer preference. There are changes in food habits; the younger generation may prefer to eat pasta
noodles or spaghetti rather than traditonal td resulting in differences for grain type within a family. Preferences for
good milling quality, color, clean, insect-free sound seed exist both in the market as wel l as the home. A better
understanding of indigenous knowledge on varietal preference is important.
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W. M. M. Morris
S. M. Bonzi
Note on Sorghum insect Pests in Upper Volta
V. Jaya Mohan Rao and N. G. P. Rao
A Breeding Procedure for Combining High Protein and High Lysine
with Plump Corneous Seeds of Sorghum
The Contribution of IRAT to the Development of Sorghum Varieties and
Hybrids in West Africa
J. Chantereau
Abstract
Initially, in the early 1960s, ecotypes such as Muskwari in Cameroon, Belko and Gnefing in Upper Volta, Tiemarifing in
Mali, Jan Jare and Mourmour in Niger, Congossane SH60 in Senegal were developed by mass and pedigree selection
within locals. A second stage involved the development of earlier, shorter varieties w i th more compact heads and tan
straw—exot ic lines were used. A series of hybrids (IRAT S12 and IRAT 179) and varieties [(IRAT S6. S7, S8 in Upper
Volta, IRAT S10 in Niger, IRAT S11 (CE90), S13 (CE67). S15 (CE99) and (CE111)] in Senegal were developed. Crop
management was found important if increased yields were to be realized from these new varieties and hybrids. Traits
such as resistance to grain mold and food quality were also found to be important. Recent selection for varieties and
hybrids involves these traits plus seedling vigor and related factors contributing to stand establishment. Promising
lines are CE 145-66 , CE 151-186, CE 151-262, and CE 157-95.
New seed parents for hybrids have been developed and CE 102A and B and CE 111 A and B are useful in Senegal. In
the north of Senegal, w i th irrigation, CSH-9 from India, CK 612A from USA. R 7 5 - 1 4 from ICRISAT and the IRAT hybrid
181 are performing wel l . The importance of linking new varieties and hybrids wi th improved management practices is
emphasized.
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Seedling Emergence in Sorghum under Varying Soil Temperature and
Moisture
P. Soman and J. M. Peacock
Emergence response of a few sorghum genotypes to different soil temperatures were tested in a system where we t
soil could be heated from above. Temperatures of 35°C, 40°C, 45°C and 50°C were maintained at a depth of 2 cm.
Genotypic variability was detected. Hybrids CSH-1, CSH-5, and CSH-6 showed poor emergence at high temperatures
compared wi th varieties such as SPV 354, SPV 386 and SPV 387. The cultivars were also tested for emergence under
limited soil moisture. Three levels of soil moisture were maintained in pots: 3 .8-0 .3%, 7 . 5 - 2 . 1 % , and 8 .1 -3 .2%.
Again, hybrids gave very low emergence at lower moisture supply when compared wi th varieties. Genotypic variability
was detected.
Strategies for Drought Tolerance
Abstract
The results of calculations using a simple model to investigate the relative advantages of conservative or optimistic 
strategies of water use for crop productivity in different climates are described. In particular the implications of the fact
that the occurrence and amount of rainfall in many semi-arid environments are more or less variable f rom year to year
wil l be investigated.
Abstract
Selected sorghum [Sorghum bicolor [L] Moench) genotypes, chosen because of their response to low P in earlier
studies, were grown in nutrient solutions and in a low P soil w i th various organic and inorganic sources of P to
determine their differences for dry matter yields, P concentrations and contents, dry matter produced per unit P, and P 
distribution among plant parts. Plants grown wi th organic sources of P. whether in nutrient solutions or in soils
produced more dry matter and had higher P concentrations and contents than genotypes grown w i th inorganic
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H. G. Jones
A. M. Furlanl, R. B. Clark, J. W. Maranville. and W. M. R O M
Sorghum Genotype Differences to Organic and Inorganic Sources of Phosphorus
Abstract
The fol lowing papers appeared in poster sessions. Copies can be obtained from the authors.
sources of P. Plants grown wi th calcium phosphate compounds produced as much or more dry matter as plants
grown wi th KH2PO4 in nutrient solutions, but less when grown in soils. Plants grown wi th ferric, ferrous, and aluminum
phosphates produced the least dry matter in both nutrient solutions and in soils. Widest differences among
genotypes for dry matter yields were noted for plants grown wi th ethylammonium phosphate, calcium tribasic
phosphate, glycerylphosphate,and KH2PO4. Plants grown wi th KH2PO4 and calcium tribasic phosphate had nearly
6-fold higher dry matter produced per unit P than plants grown wi th ethylammonium phosphate. Genotypes showed
few differences in P distribution between roots and tops, but differed extensively in P distribution among lower,
middle, and upper leaves. Of the genotypes studied, BB-9040 was the most tolerant to low P and SC-33-9-8-E-4 was
the least tolerant.
Acetylene Reduction Activity of Several Sorghum and N2-Fixing
Bacterial Associations
Abstract
Fifty-one Sorghum vulgare (L.) Moench lines were tested in replicated field plots for acetylene reduction (AR). Range
of AR activity was f rom 0 to 1934 nanomoles per gram of dry root per hour. In order to further study these highly
variable field responses, an in vitro screening technique has been developed to evaluate plant responses, root bacteria
associations, and acetylene reduction of specific grass bacteria combinations. Axenic systems using diverse sorghum
germplasm were established by inoculating sorghum plants wi th Azospirillum or other N2-fixing bacteria. The
seedlings were grown in test tubes for 10 days on a Fahraeus, nitrogen and carbon free medium. In addition, bacterial
populations of Azospirillum were studied at the end of the growth period using fluorescent antibody labeling. Roots
were scored for root-bacteria associations. Photos of the root-bacteria associations wil l be displayed.
Embryo and Endosperm Formation in Cross-Sterile Facultatively
Aposporous Apomicts
Twenty-one cross-sterile cultures were isolated in advanced generation progenies of crosses involving the facultative
apomic t R-473, and a sexual line, White Seed. Four of these cross-sterile lines were examined at various t ime
intervals up to 4 days. A considerable number of embryo sacs remained unfertilized at various t ime intervals. Lack of
fertilization was concluded f rom the presence of intact synergids, unfused polar nuclei of the central cell and the
undivided egg. The frequency of such embryo sacs approached 20%. The unfertilized egg was seen to give rise to an
embryo starting from the 2nd day after pollination. Endosperm also formed simultaneously, but the endosperm nuclei
presented an appearance different f rom that of sexually formed endosperm. The antipodal nuclei were seen to have
contributed to such endosperm at least in some cases. Pollen tubes were found to continue growth in nuceli that were
more than 3 days old. Thes6 observations were taken to indicate that pollen tubes cannot penetrate aposporous
embryo sacs and that embryo and endosperm in such embryo sacs occurred autonomously a f ew days after anthesis.
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M. Bharati, U. R. Murty, and N. G. P. Rao
Abstract
S. C. Schank, Rax L. Smith, and J. R. Milam
The Starch for Apospory in Sorghum L 
V. Seshavatharam and U. R. Murty
The possibility of producing perpetual hybrids in sorghum has prompted an investigation of the embryology of
Sorghum halepense. Sorghum halepense was on record as having some apomictic tendencies as revealed through its
breeding behavior. The mechanism underlying such a behavior could be due to the occurrence of apomixis in the
aposporous embryo sacs, as the embryological study of this species reveals the existence of somatic apospory in
some ovules that are potentially capable of developing into an aposporous embryo sac. The aposporous initials could
be discerned in slightly older ovules, only after the differentiation of the megaspore mother cell or its further
development.
Chromosomal Structural Hybridity and Breeding Systems
in Sorghum blcolor (L.) Moench
The study was undertaken to find out whether sexuality, cross-sterility and apomixis have any chromosomal basis. A 
facultatively apomictic line (R-473), a cross-sterile line (101), four normal lines (White Seed, Kafir-B. IS-84 and Aispuri)
and four F1 hybrids were examined at the mid-prophase stage of meiosis. Unpaired chromosomal regions were
noticed at the pachytene stage in the apomictic and cross-sterile lines but not in the normal sexual lines. F1 hybrids
between normal sexual lines (Kafir-B x Aispuri) did not exhibit any abnormalities in chromosome pairing but those
between sexual and apomictic lines were structurally heterozygous. Chromosomal structural differences can,
therefore, result occasionally in abnormal breeding systems including apomixis. This study indicates that crosses
between divergent materials may help achieve obligate apomixis.
Developmental Studies in Cytoplasmic Genetic Male-sterile Sorghum Lines
The develoyment of anther, male gametophyte, ovule, and female gametophyte in the male-sterile sorghum lines,
G-1A, CK-60-A, VZM-2-A and M-35-1 has been studied. Abnormalities such as intratapetal syncytia, thickening of
tapetal cell walls, abnormal radical elongation of tapetal cells, early disorganization of tapetum and cytomixis are
responsible for male sterility in these lines. The embryo sac develops according to the polygonum type and is thus
sexual. Because of pollen sterility, fertilization fails to take place under selfing. In the absence of fertilization, sexual
embryo sacs degenerate and consequently there is no seed set. However, in G1A and CK-60-A a tendency for the
formation of aposporous embryo sacs and degeneration of the megaspore mother cell on the products of meiosis has
been noticed. By continued selfing it may be possible to induce apomixis in these lines.
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Abstract
P. B. Kirti, U. R. Murty, and N. G. P. Rao
Abstract
L. L. Narayana, R. N. Reddy, N. G. P. Rao. and K. D. Pillal
Abstract
Biochemical Basis of Diverse Cytoplasmic Genetic Male Steriles
in Sorghum
Study of soluble protein and isoenzyme in seeds and amino acids in anthers of different steriles, maintainor and
restorer lines showed characteristic differences. Based on esterase pattern, male steriles wi th diverse cytoplasm
could be organized into three groups: (a) CK-60 A and B, Nagpur A and B, (b) M-35-1 A and B, and (c) G-1A and B,
VZM-2A and B. Comparison of amino acids from anthers of A vs B lines showed lower contents of histidine, threonine,
glutamic acid, glycine, leucine and phenyl alanine and higher contents of alanine, serine, proline and tyrosine in A lines
than B lines. VZM-2 pollen showed resemblance to G-1 pollen but differed from both CK-60 and M-35-1 pollen in
shape, size and exine sculpture. The pollen from male-sterile lines were more or less devoid of protein and starch
particles.
Resistance Breeding to Sugarcane Mosaic Virus in Australia
A breeding program to incorporate the single gene "K" from Krish for resistance to sugarcane mosaic virus (SCMV)
and the multigenic field resistance from Q-7539 into the grain sorghum lines KS-4, TAM-422, R-7078 and KS-19 has
been conducted in Queensland.
Nineteen lines wi th the "K" gene have been released. Two of these, QL-3 and QL-22 are also highly resistant to
sorghum downy mildew. QL-19, wi th Q-7539's resistance has also been released.
An international survey of SCMV strains on 10 sorghum differentials has indicated the wide spectrum of resistance
to SCMV strains of the single gene Krish resistance.
A Rapid Technique for Evaluating Sorghum Varieties for Seed Mold
Resistance
Abstract
Because the nature of resistance of sorghum lines to grain molds is variable and not clearly defined, a method of
selecting lines that could produce good quality grain under conditions of high humidity without losing quality would be
desirable. Threshed grains of test lines are compared wi th a known set of molded grains using a large 10x illuminated
lens and rated on a scale of 1 - 1 0 w i th 1 being completely free of molds and 10 being completely covered. A set of
whi te and red differentials is needed when comparing red and whi te seeded sorghum lines. In West Africa, those lines
planted earlier and exposed to the rains had a higher seed mold rating than the same lines planted 2 - 3 weeks later.
However, those lines that were superior in grain mold resistance remained relatively superior whether planted early or
late.
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Natale Zummo
R. G. Henzell, D. M. Parsley, R. S.-Greber, and D. S. Taakle
Abstract
D. P. Tripathi, S. L. Mahta, and N. G. P. Rao
Abstract
A Grain Yield Development in a Hybrid Sorghum (Texas 610) and
its Parents
U. Jayasuriya and G. L. Wilson
Grain yield corresponds closely to the storage of carbon assimilated during the grain filling period. In the female parent,
the amount of material available for such storage is high, but the small number of grains limits yield. In the male
parent, the large number of grains provides adequate storage capacity, but the supply of material for storage limits
yield. This is because canopy structure is poor and hence the efficiency of photosynthetic conversion of solar radiation
is low. The hybrid combines the desirable features of the two parents; good canopy structure and high grain number.
Abstract
In rainfed sorghum hybrid CSH-6, various proportions of spikelets from the apex, base or random regions of the
panicles were removed at the t ime of anthesis, and compensation in yield components was investigated. The
distribution of grain number and grain weight f rom apex to base in untreated panicles was parabolic whi le grain size
showed a progressive linear decrease. Full grain yield compensation occurred due to an increase in grain number and
size when the panicles lost up to 2 0 % of the spikelet portions at the base or at random. The data on grain number
compensation and the decreasing grain size from apex to base of the panicles indicate hormonal involvement also in
the determination of potential grain number and size.
Problems and Perspectives of Grain Sorghum Cultivation in Italy
Abstract
Peninsular Italy, as other Mediterranean environments, makes sorghum cultivation possible in a range of situations,
and as an alternative to maize, at least in marginal areas, under rainfed conditions or wi th irrigation, as the main crop or
second crop after wheat.
Cultivation is based on hybrids, double dwarf types from the USA. The yield performances are economically
interesting. The main difficulty is obtaining uniform and suitable stands if sowing is not followed by irrigation. While
diseases do not represent a serious constraint, sorghum shoot fly and sorghum midge adversely affect cultivation in
some areas. Birds may cause severe crop losses in isolated small fields.
The main objective of sorghum improvement is to produce hybrids (adapted to drought conditions and suitable for
early or deep sowing), whose seed should be produced in our conditions; they also need some resistance to birds, but
wi th a reasonable tannin content in the grain.
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R. I. Hamilton, V. Balasubramanlan, M. Narayana Reddy,
and C. Hanumantha Rao
Grain Yield Compensation in Rainfed Sorghum
Abstract
G. Mariani
Inter- and Intraspecific Competition and the Design of Productive
Cropping Systems
Competit ion between species results in their characterization as complementary, aggressive or relatively neutral
species. Alteration of plant type within a species renders them more-or-less competit ive. Data on inter- and
intraspecies competit ion w i th sorghum as a component crap wil l be presented. Keeping in v iew the recent changes
that have occurred in sorghum cultivars, the complementarity or compatibility of sorghum-based cropping systems
both in space and t ime wil l be examined. The design and development of stable, productive and transgressive
cropping systems wil l be analyzed.
Factors Affecting Sorghum Consumption in Honduras
This interdisciplinary research dealt w i th the agronomic, economic, social and nutritional factors which influenced the
production, storage, and consumption of sorghum in Honduras. An interview schedule covering the above areas was
developed and used by Mississippi INTSORMIL researchers in two surveys in the summer of 1981 in mountainous
and lowland areas of southern Honduras. Data on household size, sex roles, decision-making patterns, attitudes,
values, consumer preferences of grain and methods of food preparation were recorded. Food intake studies, as wel l
as anthropometric measurements, were used to assess the nutritional status of each child. This was a base-line study
to develop criterion for future nutritional improvement through the use of improved strains of sorghum grown in
Honduras for human consumption.
Nitrogen Fixation Associated with Sorghum
Using a soil-core assay method in the acetylene reduction technique, 334 lines have been screened; 5 5 % of the lines
tested stimulated N2-ase activity in the rhizosphere and 14% stimulated high activity (100 µg N/core/day). The activity
is affected by field variability, t ime of sampling during the day, and the t ime interval between taking the core and
injecting C2H2. Activity varied not only w i th the growth stage of the crop when assayed, but also w i th the temperature
at which the cores were incubated during assay and the amount of nitrogen fertilizer added. Activity is wel l correlated
wi th the soil moisture. A test tube culture technique has been developed to test the effect of host genotype and
bacterial culture on nitrogenase activity. A method for assaying intact plants for nitrogenase activity has been
developed. By using this method the same plant can be assayed several t imes during its growth cycle and seed can
also be obtained. In a pot experiment w i th the sorghum hybrid CSH-1 grown in unsterilized Alfisol soil, inoculation w i th
nitrogen fixing bacteria produced a significant increase in grain and total dry matter production.
7 5 6
Mary Futrell, Eunice McCulloch, Robert Jones, and Louis Bluhm
Abstract
B. S. Rana, P. P. Tarhalkar. and N. G. P. Rao
Abstract
S. P. Wani, P. J. Dart, S. C. Chandrapalalah, and M. N. Upadhyaya
Abstract
Nitrogen-fixing Bacteria Associated with Sorghum
D. B. Godse. P. J. Dart, and K. P. Habbar
Abstract
The total number of N2 fixers f rom rhizosphere soil, rhizoplane and root macerate of sorghum plants was estimated by
plate counts using N-free sucrose and malate media. Using these inocula, nitrogenase activity was measured by the
most probable number (MPN) method on sucrose and malate semisolid media. Nitrogenase activity was measured by
the acetylene reduction technique. Value of the spermosphere model was demonstrated wi th plants grown in tubes
on Fahraeus agar medium for selection of the most abundant and host compatible bacteria f rom the rhizosphere soil,
rhizoplane soil and root macerate. Based on colony morphology, various isolates were picked up f rom plates and
purified. Purified isolates were tested for nitrogenase activity on malate and sucrose semisolid media w i th 2 0 %
acetylene incubated for 3 hr at 33°C. Applicability of analytical profile index (API) tests was demonstrated for quick
identification of nitrogen fixers belonging to Enterobacteriacae.
A New Sorghum Program in the SAT in Australia
L J. Wade
Abstract
A research program is being initiated to investigate sorghum productivity in the Capricornia region of Queensland,
Australia. This region of expanding dryland sorghum production is characterized by heavy cracking clay soils in the SAT
where antecedent soil moisture is important and rainfall irregular. There is enormous potential for the crop in this
region but performance of existing cultivars has been disappointing so far. Initial experimentation wil l be directed to
defining the exact nature of limitations to productivity in this environment. Other work will involve phenology, crop
establishment and growth analysis, which are all likely to be important in this region.
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Presentation of Award
J . Roy Q u i n b y w a s p r e s e n t e d w i t h a marb le mosa ic p laque w i t h t he f o l l ow ing insc r ip t ion :
In recognition of 57 years contribution to our knowledge of sorghum by the delegates of the
Sorghum in the Eighties Symposium, Hyderabad, India.
November 2 - 7 . 1981"
J . Roy Qu inby w a s e m p l o y e d t o w o r k o n s o r g h u m
at t h e Chi l l i co the Stat ion a t Texas A & M Univers i ty
in 1924, 57 years ago. O n e of his ear l iest
pub l i ca t ions appeared in 1 9 3 1 . He b e c a m e super-
i n tenden t o f t h e s ta t ion in 1925 and a t tha t t i m e
his l i fe long assoc ia te , J . C. S tephens w a s also
e m p l o y e d the re .
M r . Q u i n b y has p ioneered our k n o w l e d g e o f t h e
inher i tance o f ma tu r i t y in s o r g h u m w i t h t he f i rs t
pub l ica t ion appear ing in 1945. He also unde r took
t h e s tudy o f t h e gene t i c cont ro l o f plant he igh t and
pub l i shed in 1954. The unde rs tand ing o f t h e
inher i tance o f t h e s e t w o t ra i ts has been f u n -
d a m e n t a l t o all s o r g h u m sc ien t i s ts w o r k i n g t o
adapt s o r g h u m to n e w areas o r n e w s i tua t ions
leading to i m p r o v e d p roduc t i on .
M r . Q u i n b y has had a long in te res t in t h e
c o m m e r c i a l use o f hybr ids inc lud ing t h e use o f
m a l e s ter i l i ty t o fac i l i ta te s e e d p roduc t i on .
There are major papers conce rn ing hybr id v igor
tha t w e r e pub l i shed by Karper and Qu inby in
1937 , and by S tephens and Qu inby in 1952.
Resu l ts s h o w i n g substant ia l increases in y ie ld d u e
to hybr id v igor w e r e p r e s e n t e d in t h e s e papers . I 
w o u l d l ike t o read f r o m Mr . Q u i n b y ' s o w n w r i t i n g
in a TAES pub l ica t ion "A T r i u m p h of Resear-
ch . . . .So rghum in T e x a s . " "Dr . R. D. L e w i s c a m e
to Texas in 1946 to be D i rec tor o f t he Texas
Agr icu l tu ra l E x p e r i m e n t S ta t ion . W h i l e h e w a s
v is i t ing at t h e Chi l l ico the Sta t ion I s h o w e d Dr.
L e w i s a m a n u s c r i p t tha t con ta ined a p ic tu re w i t h
t h e cap t ion The use o f hybr id v igor in s o r g h u m
a w a i t s t h e so lu t ion o f p r o b l e m s in t h e economica l
p roduc t i on o f hybr id s e e d .
" B e f o r e Dr. L e w i s lef t t h e Chi l l ico the Stat ion
tha t day he to ld S tephens and me tha t he w o u l d
approve a p roposa l for research on m e t h o d s of
p roduc ing hybr id s o r g h u m s e e d i f w e w o u l d
prepare s u c h a p roposa l . " Roy Qu inby and his
assoc ia tes unde r took to i m p l e m e n t Ha tch Project
6 1 0 dated 4 Oc tobe r 1947. The ob jec t i ve of th i s
pro ject w a s to p roduce seed o f s o r g h u m hybr ids
in commerc ia l l y usefu l a m o u n t s .
In 1948 Stephens fel t tha t he had iden t i f ied
cy top lasm ic male-ster i l i ty . Aga in quo t i ng Mr .
Quinby, "Ear ly one morn ing in 1952 S tephens and
I dec ided that cy top lasmic male-ster i l i ty l ooked
t o o g o o d t o abandon " and w o r k o n o the r m e c h a n -
i sms o f male-ster i l i ty w e r e t e rm ina ted . By 1955,
seven hybr ids w e r e cons idered to be use fu l f o r
f a rmer product ion . Mr . Qu inby and J.C. S tephens
shared the Hobl i tzel le A w a r d for The A d v a n c e -
m e n t of Texas Rural L i fe.
Events m o v e d rapidly; by 1957 t he re w a s
suf f i c ien t hybr id seed t o s o w 1 5 % o f t h e s o r g h u m
acreage i n t he USA and by 1960 s o m e 9 5 % w a s
s o w n . Hybr ids comb ined w i t h i r r igat ion and in -
c reased use of fert i l izer increased s o r g h u m pro-
duc t ion in t he USA th ree fo ld w i t h l i t t le increase in
acreage.
Mr . Qu inby jo ined the Pioneer Seed C o m p a n y
in 1961 af ter ret ir ing f r o m the Texas A & M
Univers i ty . Qu inby m a d e the f i rs t c ross to s tar t a 
c o n v e r s i o n p rog ram in January 1962 . J . C.
S tephens prepared a proposal to under take a 
t ropical convers ion p rogram us ing faci l i t ies o f t h e
U.S. Depa r tmen t of Agr icu l tu re in Puer to Rico in
t h e t rop ics and t hose o f t he Texas Agr icu l tu ra l
Exper iment Stat ion, a t Chi l l icothe, in t h e t e m p e r -
ate zone. The proposal w a s app roved by t h e
Texas Stat ion and U.S. D e p a r t m e n t o f Agr i cu l tu re
in June 1963 and w o r k began a t Mayaguez ,
Puer to Rico, in t he fall o f tha t year. A l l s o r g h u m
sc ient is ts are aware o f th is convers ion p rog ram
and m o s t o f t h e m are us ing conve r t ed l ines in
the i r b reed ing p rograms. This p rog ram has b e e n
invaluable as a source of res is tance t ra i ts and has
con t r ibu ted to y ie ld i m p r o v e m e n t in m a n y p laces
in t h e w o r l d .
Today, Roy Qu inby is act ive ly invo lved in t h e
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gene t i cs o f ho rmona l con t ro l o f sex in s o r g h u m .
Th is k n o w l e d g e o f g e n e s and c y t o p l a s m s in -
f l uenc ing t h e fer t i l i ty-ster i l i ty re la t ionship in sor -
g h u m can lead to va luable pract ical i n fo rma t i on ,
part icular ly in re lat ion to apomix i s as a m e a n s to
t h e vege ta t i ve p roduc t i on o f hybr id s e e d , and t h e
ques t i on o f gene t i c vu lnerabi l i ty in ou r hybr id s e e d
parents .
J . Roy Qu inby , t h r o u g h o u t his w o r k i n g l i fe, has
m a d e con t r ibu t ions to ou r k n o w l e d g e o f grain
s o r g h u m tha t have and w i l l c o n t i n u e to have a 
p ro found e f fec t on t h e i m p r o v e m e n t o f t h e c rop i n
eve ry locat ion i n t h e w o r l d w h e r e s o r g h u m i s
g r o w n .
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Lecture After Presentation of Award
Sorghum Genetics and Breeding
J. R. Q u i n b y *
I apprec ia te th is oppo r tun i t y to speak to you abou t
s o r g h u m gene t i cs and b reed ing as t h e y have
d e v e l o p e d in my l i f e t ime and to t r y to recognize
w h a t st i l l needs to be done . I t i s de l igh t fu l to see
m a n y o f you again and t o m e e t t h o s e o f you w h o
are jus t s tar t ing a career w o r k i n g w i t h s o r g h u m .
Early in my career I b e c a m e supe r in tenden t of a 
local e x p e r i m e n t s ta t ion in Texas and I had m a n y
du t i es tha t d id not invo lve s o r g h u m . But , as t i m e
p rog ressed , m y voca t ion b e c a m e s o r g h u m gene -
t i cs and b reed ing . J . C . S tephens jo ined me a t
Chi l l icothe, Texas in 1925 as a fu l l - t ime s o r g h u m
breeder and he w o r k e d on s o r g h u m dur ing his
en t i re career. His ch ie f a c c o m p l i s h m e n t w a s t h e
d e v e l o p m e n t o f hybr id s o r g h u m us ing cy top las-
m ic ma le ster i l i ty . S o r g h u m hybr ids e m e r g e d af ter
abou t 25 years o f w o r k . S ince t h e adven t o f
s o r g h u m hybr ids, grain s o r g h u m p roduc t ion in t he
Un i t ed Sta tes has increased th ree fo ld .
As S tephens and I began to w o r k on s o r g h u m
gene t i c s , w e d i scove red tha t , a s w e w e r e jus t
abou t ready to pub l i sh on t h e inher i tance o f s o m e
character , a paper f r o m India w o u l d appear on t h e
s a m e sub jec t . I p r e s u m e y o u realize tha t t he
ear l iest w o r k on s o r g h u m gene t i cs w a s done i n
India and m u c h of i t by G. N. Rangaswami
Ayyangar and his s t u d e n t s a t Co imba to re .
A s ign i f icant a d v a n c e m e n t in s o r g h u m research
w a s m a d e w h e n t h e Rockefe l le r Foundat ion
began to suppor t t h e w o r k o f t h e Indian Agr icu l tu -
ral Research Ins t i tu te . Dr. K. O. Rachie b e c a m e
invo lved i n t h e w o r k w i t h s o r g h u m and t h e
Rockefe l le r Foundat ion is respons ib le fo r a s s e m b -
*
Plant B r e e d i n g D i v i s i on , D e p a r t m e n t o f S o r g h u m
B r e e d i n g , P i o n e e r H i -B red In te rna t i ona l , Inc. , P la in-
v i e w , T e x a s 7 9 0 7 2 , USA.
l ing the s o rgh um variet ies be ing g r o w n t h rough -
ou t t he w o r l d into a single w o r l d co l lec t ion .
I t is apparent tha t the s o r g h u m cul t ivars in tha t
col lect ion are t he product o f t housands of years of
natural and human se lect ion. I have b e c o m e
famil iar w i t h only that part o f t he co l lec t ion tha t
w a s f i rst conver ted to t e m p e r a t e adapta t ion
(Johnson et al. 1971). But i t is ev iden t tha t
character is t ics tha t are n o w valuable to us w e r e
se lec ted by m e n and w o m e n w h o in tended t o eat
t h e grain t hemse l ves . Cult ivars in t h e co l lec t ion
have been evaluated at several locat ions and
m a n y have agronomic character is t ics tha t are
valuable because they inc lude res is tance to in -
sec ts , d iseases, and w e a t h e r i n g tha t p lague
s o r g h u m th rough tou t the w o r l d . D isease res is tant
conve r ted l ines have been ident i f ied recent ly by
Freder iksen and R o s e n o w . (1979) and insect
res is tant l ines by Johnson and Tee tes (1979). As
t i m e progresses, plant breeders w i l l need to use
all t h e desi rable character is t ics o f var ie t ies in t h e
w o r l d co l lect ion.
A f te r t he w o r l d col lect ion o f s o r g h u m w a s
a s s e m b l e d here in India, i t b e c a m e apparent tha t
t h e desirable character ist ics in var ie t ies in t h e
co l lec t ion shou ld be m a d e avai lable to p lant
breeders in t he t empe ra te zones. I t w a s a l ready
k n o w n that t he d i f fe rence b e t w e e n t ropical and
t e m p e r a t e adaptat ion d e p e n d e d upon the d o m i -
nant or recessive cond i t ion of a s ing le g e n e
(Quinby and Karper 1945; Qu inby 1973). A l so ,
d w a r f n e s s is inher i ted s imp ly (Quinby and Karper
1954) and a tropical convers ion p rog ram w a s
under taken by t he Texas Agr icu l tura l Expe r imen t
Stat ion and t h e Un i ted States D e p a r t m e n t o f
Agr icu l tu re . This convers ion p rog ram tha t w a s
desc r ibed by S tephens e t al. (1967) and recent ly
by Mi l le r (1979), cons is ts o f t h e incorporat ion o f
International Crops Research Institute for the Semi-Arid Tropics. 1982. Sorghum in the Eighties: Proceedings of the International
Symposium on Sorghum, 2 - 7 Nov 8 1 , Patancheru. A.P., India. Patancheru, A.P. India: ICRISAT.
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o n e recess ive ma tu r i t y g e n e a n d t w o o r t h ree
recess ive he igh t g e n e s in to t h e c h o s e n t rop ica l
var ie t ies . The t rop ica l conve rs ion p r o g r a m has
p r o c e e d e d accord ing to p lan w i t h o u t a s ing le
necessa ry change . For tunate ly , t h e pro jec t p ro-
posa l inc luded t h e p rov is ion o f re tu rn ing each
c o n v e r t e d cul t ivar t o i ts o w n c y t o p l a s m a t t h e last
backc ross .
I am su re t ha t my in te res ts are t o o n a r r o w fo r
m e t o have g o o d j u d g m e n t abou t w h a t you a n d
t h o s e w h o f o l l o w y o u m a y b e d o i n g i n t h e near
and d is tan t f u t u r e . H o w e v e r , I n o w recogn ize
s o m e o f t h e m i s c o n c e p t i o n s tha t I labored under
fo r m a n y years a n d th ink I recogn ize s o m e
research w o r k t ha t shou ld b e d o n e n o w .
A s D o g g e t t (1970) has s u g g e s t e d , s o r g h u m
probab ly e v o l v e d in t rop ica l A f r ica and sp read to
t e m p e r a t e zones a n d t o o the r con t i nen t s w i t h i n
t h e last 2 0 0 0 yea rs . S o r g h u m has b e e n i n t h e
w e s t e r n h e m i s p h e r e fo r on ly abou t 2 0 0 years and
o n l y a v e r y f e w var ie t ies , i nc lud ing t h e q u e s t i o n -
ab le re lat ive S. halepense, a r r ived e v e n t h e n . But
n o w tha t t h e t rop ica l conve rs i on p r o g r a m has
b e e n under w a y fo r abou t 2 0 years , p lant b reede rs
t h r o u g h o u t t h e w o r l d have m a n y o f t h e des i rab le
var ie t ies f r o m t rop ica l A f r ica a n d India avai lable to
t h e m . A l s o , i f y o u as p lant b reede rs in t h e t rop ics
are i n t e res ted in shor te r he igh t s , y o u shou ld
real ize tha t t rop ica l " b u l k s " are avai lable f r o m t h e
conve rs ion p r o g r a m tha t s h o u l d be o f in te res t t o
y o u .
S o r g h u m has b e e n a g o o d c r o p to w o r k w i t h as
inher i tance i n t h e spec ies s e e m s t o c o n f o r m to
t h e pr inc ip les recogn ized b y Grego r M e n d e l a b o u t
a c e n t u r y ago .
W h e n I v i s i ted a g radua te cou rse in p lant
b reed ing jus t b e f o r e I g radua ted f r o m Texas A & M
Col lege in 1924 . I rece ived t h e i m p r e s s i o n tha t
g e n e s t h a t con t ro l g r o w t h w e r e i n n u m e r a b l e and
tha t any p lant i nc luded in i ts he red i ta ry c o m p l e -
m e n t n u m e r o u s m i n o r me tabo l i c de f i c ienc ies .
T h e s e ideas g r e w o u t o f t h e e f f o r t s t o exp la in t h e
g e n e t i c s o f hyb r id v igor . East a n d J o n e s (1919) in
the i r t e x t b o o k sa id tha t " i t i s on l y necessa ry to
a s s u m e tha t i n genera l t h e favorab le charac te rs
a re i n s o m e d e g r e e d o m i n a n t ove r t h e unfavor -
ab le , and t h e n o r m a l ove r t h e a b n o r m a l i n o rder t o
have a reasonab le exp lana t ion o f t h e inc reased
d e v e l o p m e n t o f hyb r i ds . . . " O f cou rse , p lant hor-
m o n e s w e r e n o t k n o w n a t t h e t i m e b e c a u s e W e n t
(1928) had no t y e t r e p o r t e d t h e recogn i t i on o f
aux in as a g r o w t h regulator .
In 1937, I w a s coau tho r of a pape r on hyb r id
v igor in s o r g h u m (Karper and Q u i n b y 1937) tha t
con ta ined g o o d data and s o m e beau t i f u l p i c tu res .
B u t s o m e o f ou r conc lus ions b e c a m e a n embar -
r a s s m e n t t o m e later because w e had no t
recogn ized tha t i t w a s t h e c o m p l e m e n t a r y ac t ion
o f a f e w he igh t and m a t u r i t y g e n e s tha t had
resu l t ed i n m u c h o f t h e a d d e d g r o w t h tha t w e had
o b s e r v e d and a t t r i bu ted to hybr id v igor .
I t f inal ly b e c a m e c o m m o n k n o w l e d g e tha t
se l f -po l l ina ted spec ies shou ld no t car ry n u m e r o u s
me tabo l i c de f i c ienc ies a n d as late as 25 years ago
t h e r e w e r e gene t i c i s t s (S innot t e t al . 1958) w h o
t h o u g h t tha t hybr id v igor shou ld no t occu r in a 
se l f -po l l ina ted spec ies . Bu t tha t no t i on had to be
a b a n d o n e d w h e n hybr id v igor w a s s h o w n t o b e
p r e s e n t in se l f -po l l ina ted spec ies s u c h as sor-
g h u m .
Grain s o r g h u m y ie lds d id no t inc rease in t h e
U n i t e d S ta tes unt i l hybr ids appeared bu t t h e
gene t i c and phys io log ica l bas is o f hybr id v igor is
st i l l n o t u n d e r s t o o d . A f e w years ago I r e v i e w e d
t h e l i terature on t h e gene t i cs and phys io logy o f
hybr id v igor (Qu inby 1974) and p r e s e n t e d t h e idea
tha t pa ren ts and hybr ids d i f f e red in h o r m o n e
levels . Bu t h o r m o n e levels in pa ren ts and hybr ids
have no t ye t been e x a m i n e d . But t h e idea tha t
n u m e r o u s g e n e s con t ro l p lant g r o w t h i s st i l l w i t h
us and is par t o f t h e bas is o f t h e t heo r i es o f
popu la t ion i m p r o v e m e n t .
Dur ing t h e t i m e I w a s s t udy i ng t h e inher i tance
o f ma tu r i t y and he igh t (Qu inby and Karper 1945
a n d 1954), I d e v e l o p e d m a t u r i t y g e n o t y p e s in
ident ica l gene t i c backg rounds tha t d i f f e red a t
t h r e e ma tu r i t y g e n e loci and t h ree he igh t g e n e
loc i . I f inal ly c o n c l u d e d tha t t h e g e n e s con t ro l l i ng
t h e t i m e o f f loral in i t ia t ion a n d i n t e m o d e e longa-
t i on w e r e p robab ly con t ro l l i ng h o r m o n e levels . I 
t h e n p r e s e n t e d m y ideas (Qu inby 1974), w i t h o u t
p roo f , hop ing t ha t s o m e p lant phys io log is t w o u l d
u s e t h e m a t u r i t y and he igh t g e n o t y p e s t o s t u d y
t h e h o r m o n a l con t ro l of . p lant g r o w t h .
Dr. P . W. M o r g a n a t Texas A & M Un ivers i t y a n d
severa l o f h is s t u d e n t s have b e e n d e t e r m i n i n g
h o r m o n e leve ls i n m a t u r i t y g e n o t y p e s o f M i l o a n d
papers cove r i ng tha t w o r k are beg inn ing t o
appear . Gibbere l l in i s n o w k n o w n to h a s t e n f loral
in i t ia t ion i n s o r g h u m (Wi l l i ams a n d M o r g a n , i n
press) a n d tha t aux in leve ls are h igher in t rop ica l
t h a n i n t e m p e r a t e M i l o g e n o t y p e s (Dun lap a n d
M o r g a n , in press) . I t i s a s s u m e d tha t inh ib i to ry
leve ls o f aux in delay f lora l in i t ia t ion of t rop ica l
var ie t ies be ing g r o w n i n t e m p e r a t e zones .
In add i t i on . Dr. F. R. M i l l e r a n d I, us ing so lu t ions
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prepared by Dr. M o r g a n , have been t ry ing to
dup l i ca te t h e ac t ion o f he igh t and ma tu r i t y g e n e s
o f M i l o . I n t h e f ie ld , we have no t d o n e as w e l l as
w e had h o p e d , apparen t l y because aux ins such a s
indo le ace t ic ac id (IAA) are d e s t r o y e d be fo re t hey
have t i m e t o ac t w i t h i n t h e p lant . But w e have
d o n e be t te r w i t h g ibbere l l in and o n e paper on t h e
e f f ec t o f G A 3 on he igh t and t i l ler ing has appeared
( M o r g a n e t al. 1977). T r e a t m e n t s w i t h GA3 to
sho r t g e n o t y p e s inc reased he igh t by as m u c h as
t h e p resence o f o n e d o m i n a n t he igh t ge ne .
In look ing fo r n e w male-s ter i le - induc ing cy to -
p lasms , I (and Dr. K. F. Scher tz , as we l l ) used t h e
f i rs t 62 t rop ica l conve rs ions tha t o r ig ina ted in t he
t rop ica l conve rs ion p r o g r a m . Severa l F1 popu la-
t i o n s w e r e ma le s ter i le , n u m e r o u s F2 popu la t ions
con ta ined male-s ter i le p lants , a n d 33 cul t ivars
w e r e invo lved as f e m a l e paren ts . I t f inal ly b e c a m e
ev iden t tha t a Kafir cou ld be male-s ter i l i zed in
t h r e e d i f f e ren t cy top lasms , and four d i f f e ren t
c y t o p l a s m s have n o w been recogn ized in sor-
g h u m (Quinby, in press) . A f i f th c y t o p l a s m , tha t
shou ld ex is t , is be ing sough t .
Earl ier w o r k to iden t i f y d i f f e ren t c y t o p l a s m s has
b e e n d o n e in India and th is w o r k has b e e n
r e v i e w e d by Tr ipath i (1979). I t is d i f f icu l t to w o r k in
Texas w i t h t h e var ie t ies tha t have t rop ica l adapta-
t i on and are late in ma tu r i t y in t h e t e m p e r a t e zone.
Neve r the less , i t i s apparent n o w that t h e Ma ldan -
d i sou rce i n male-s ter i le M - 8 5 - 1 i s s imi lar t o " A 3 "
tha t w a s recogn ized recent ly i n t h e Un i t ed Sta tes
(Quinby , in press) and c a m e f r o m t h e Indian
var ie ty N i lwa .
N o w tha t a s ing le g e n o t y p e ex is ts in f ou r
c y t o p l a s m s , p lan ts o f o n e g e n o t y p e can be g r o w n
tha t can be analyzed for h o r m o n e levels. This
g e n o t y p e in i ts o w n c y t o p l a s m s has per fec t ,
he rmaphrod i t i c f l o w e r s bu t i n t h e o the r t h r e e
c y t o p l a s m s exh ib i t s l ight ly d i f f e ren t t y p e s o f
m a l e s ter i l i t y i n e a c h . Dr. M o r g a n i n tends to look
in to h o r m o n e leve ls w i t h i n t h e t h r e e ma le s ter i les
a n d t h e one pe r fec t f l o w e r e d g e n o t y p e and t h e
ma le and f e m a l e h o r m o n e s w i l l p robab ly soon be
iden t i f i ed .
I t i s n o w poss ib le to p roduce s o r g h u m hybr ids
o f t h e s a m e g e n o t y p e i n t h ree d i f f e ren t cy to -
p l a s m s and , i f t h e hybr ids t u rn o u t to be s l ight ly
d i f fe ren t , s o m e h o r m o n e phys io log is t m i g h t l ike
to look in to th i s a s p e c t o f t h e phys io logy o f hybr id
v igor .
A s w o r k l ook ing fo r n e w c y t o p l a s m s progres-
s e d a t P la inv iew, Texas , i t b e c a m e obv ious tha t
a p o m i x i s w a s appear ing i n s o m e segrega t ing
popu la t i ons . Y o u m a y r e m e m b e r t ha t b o t h Drs . N .
G. P. Rao a n d U. R. M u r t y r e p o r t e d on a p o m i x i s a t
t h e 1970 S y m p o s i u m . Dr. M u r t y has c o n t i n u e d t o
be act ive in s tudy ing apomix i s in India, a n d in
Texas as w e l l , and repor ts o f his w o r k in coopera -
t i on w i t h Drs. E. C. B a s h a w and K. F. Scher tz have
b e e n pub l i shed (Mur t y e t a l . 1979).
The gene t i cs o f apomix i s i s no t y e t c o m p l e t e l y
unde rs tood . R-473, t h e apomic t i c s t ra in tha t Dr. N.
G. P. Rao w a s g o o d e n o u g h to s e n d . t o Texas , is
apparent ly a facu l ta t ive apomic t . I t is my p r e s e n t
op in ion tha t t he g e n o t y p e o f R473 in s o m e
d i f fe ren t cy top lasm m igh t w e l l be an ob l iga te
apomic t . A p o m i c t i c hybr ids are p robab ly no t
needed in t he Un i ted States because i t is t o o easy
to p roduce and sel l hybr id s e e d t he re . But w h e r e
on ly smal l a m o u n t s o f seed are n e e d e d on sma l l
f a rms , apomic t i c hybr ids m i g h t be e x t r e m e l y
use fu l .
A lso , hybr id v igor is no t be ing u s e d in s u c h
crops as soybeans , and even w h e a t because o f
t h e d i f f icu l ty o f p roduc ing hybr id s e e d . I t h ink t ha t
an unders tand ing o f t he gene t i cs o f ob l iga te
apomix i s in s o r g h u m is l ikely to p r o m o t e t h e
recogn i t ion and use o f apomix i s in spec ies w h e r e
hybr id v igor cannot be used a t p resen t .
A t t he p resent t ime , t he tes t i ng o f hybr ids t o
recogn ize m a x i m u m hybr id v igor a t n u m e r o u s
locat ions is a major act iv i ty in m a n y b reed ing
p r o g r a m s and l iterally t h o u s a n d s o f hybr ids are
t e s t e d and all but a very f e w are t h r o w n a w a y .
This is an inef f ic ient p rocess bu t no su i tab le
subs t i t u te has been dev ised by c o m m e r c i a l s e e d
c o m p a n i e s t o ident i fy hybr ids w i t h m a x i m u m
hybr id v igor . Plant b reeders in t h e pub l i c sec to r
can m a k e a real con t r ibu t ion i f t h e y p r o d u c e
var ie t ies or parents that carry t h e des i rab le g e n e s
tha t resul t in res is tance to d iseases or i nsec ts or
in be t te r nut r i t ion .
In count r ies w h e r e agr icu l ture is m e c h a n i z e d
and s o r g h u m is a cash crop g r o w n on large
acreages, m a x i m u m hybr id v igor con t i nues to be a 
ma jor requ i rement . Unfor tunate ly , i nsec t p rob -
l e m s do no t remain stat ic as a t t e s t e d by t h e
e m e r g e n c e of b io type C of t h e g r e e n b u g , Schi-
zaphis graminum Rond. in t h e Un i ted S ta tes in
1968. Th is pes t o f w h e a t f inal ly d e v e l o p e d a t a s t e
fo r s o r g h u m and, af ter 10 years , b i o t ype E has
n o w e m e r g e d that deve lops w e l l o n hybr ids
to lerant to b io type C. A lso , expe r i ence has s h o w n
that hybr ids tha t are res is tant to cer ta in d i seases
in t h e Un i ted Sta tes are suscep t ib le to s o m e o t h e r
races o f t h e s a m e d isease in M e x i c o , t h e Phi l ip-
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p ines . Sou th Af r ica , or Aust ra l ia . Th is p r o b l e m of a 
change in races o f insec ts or d iseases w i l l
apparent ly con t i nue t o be w i t h us and plant
b reeders w i l l n e e d t o c o n t i n u e t o be a ler t and
ready to take care o f t h e p r o b l e m s as t h e y ar ise.
A n d the b reed ing p r o g r a m w i l l a l w a y s b e c o m p l i -
ca ted by t h e fac t t ha t any d isease- o r insect -
res is tant pa ren ts t ha t e m e r g e m u s t p roduce
hybr ids tha t have accep tab le leve ls o f hyb r id v igor .
The re are peop le i n t h e w o r l d w h o look u p o n
m o d e r n t echno logy as a m e n a c e to soc ie ty and
w h o th ink t ha t p lant b reede rs l ike us are cou r t i ng
d isaster fo r t h e h u m a n race. " G e n e t i c Vu lnerab i l -
i ty of Ma jo r C r o p s " (Horsfa l l 1972) is t h e t i t le of a 
book tha t po in ts o u t t h e danger i nhe ren t i n p lant
b reed ing p rocedu res tha t resu l t in a s ing le hybr id
o r var ie ty be ing g r o w n ex tens i ve l y on large
acreages.
Th is danger i s real bu t i s o v e r e m p h a s i z e d , in my
op in ion . I f o n e t h i nks t ha t p lant g r o w t h is con t ro l -
led b y i nnumerab le g e n e s , o n e w o u l d th ink tha t
s o m e d ivers i ty , t ha t m i g h t be n e e d e d later, i s lost
i f on ly o n e var ie ty is lost . If, on t h e o the r hand , o n e
th inks tha t a re lat ively f e w g e n e s con t ro l g r o w t h
a n d t h e rest o f t h e d o m i n a n t a l le les resu l t on ly in
no rma l p lants , o n e w o u l d no t be part icular ly
c o n c e r n e d abou t t h e loss o f s o m e var ie t ies as i s
inev i tab le as plant b reed ing p r o d u c e s i m p r o v e d
stra ins a n d hybr ids .
The n u m e r o u s g e n e s tha t are no t invo lved w i t h
t h e regula t ion o f p lant g r o w t h , s u c h as t h o s e tha t
p roduce no rma l ch lo rophy l l , m u s t be p resen t i n
t h e d o m i n a n t cond i t i on , o t h e r w i s e t h e p lant w i l l
be abno rma l . Such d o m i n a n t g e n e s are no t lost in
t h e p lant b reed ing p rocess t o i m p r o v e t h e spec ies
o r to use hybr id v igor . A l l g e n e s appear to be
use fu l to t h e spec ies , bu t in b reed ing fo r adapta-
t i on o r y ie ld , p lant b reede rs shou ld be ch ie f l y
i n te res ted in g e n e s tha t con t ro l t h e a m o u n t o r rate
o f g r o w t h o r t i m e o f d i f f e ren t ia t i on .
The des i rab le g e n e s tha t ex is t i n s o r g h u m
today, and are in hand , s h o u l d be inco rpo ra ted in to
cul t ivars or in to pa ren ts o f hybr ids tha t are
adap ted t o t h e m a n y d i ve rse e n v i r o n m e n t s i n
w h i c h s o r g h u m i s n o w be ing g r o w n o r m a y b e
g r o w n i n t h e f u t u r e . For ins tance , s o r g h u m
cul t ivars f r o m h igh e leva t ions in Eth iop ia m i g h t
w e l l con t r i bu te al le les tha t m i g h t resu l t i n hybr ids
adap ted to h igh e leva t ions in t h e sub t rop i cs o r a t
h igh la t i tudes w h e r e preva i l ing t e m p e r a t u r e s in
t h e s u m m e r are l o w .
Un fo r tuna te l y , m a r k e t i n g prac t ices in t h e Uni t -
ed Sta tes w i l l be a p r o b l e m to f a r m e r s w h o m i g h t
w i s h to p r o d u c e a w h i t e - s e e d e d , n o n - w e a t h e r i n g ,
h igh ly nut r i t iona l s o r g h u m hybr id . Grain of such a 
hybr id w o u l d , at p resen t , resul t in a d i scoun t at
t h e e leva tor i f m i x e d w i t h t h e red gra ins o f t h e
hybr ids c o m m o n l y g r o w n . Bu t s u c h d i f f i cu l t ies
shou ld no t de te r p lant b reede rs f r o m w o r k i n g t o
i m p r o v e s o r g h u m nu t r i t i on because s o m e su i tab le
m a r k e t i n g p rocedu re can undoub ted l y be de -
ve loped w h e n n e e d e d .
I s e e m o r e p lant b reed ing ob jec t i ves today t h a n
w h e n I began t o w o r k o n s o r g h u m m o r e t h a n 5 0
years a g o ; no t because t h e r e are m o r e p r o b l e m s ,
b u t because w e n o w recogn ize m o r e th ings tha t
shou ld and can b e d o n e . I n t h e U n i t e d S ta tes , w e
do no t have all o f t he p r o b l e m s tha t s o m e o f y o u
have because w e d o no t have s o m e o f your
insec ts , d i seases , o r paras i tes . B u t w e have s o m e
p r o b l e m s tha t you do no t have .
W e , as p lant b reeders , shou ld s tay as c lose to
e n t o m o l o g i s t s , p lant pa tho log is ts , gene t i c i s t s ,
and plant phys io log is ts as poss ib le so t ha t we can
pro f i t f r o m the i r k n o w l e d g e and adv ice . I h o p e
tha t you real ize h o w impor tan t you r w o r k w i t h
s o r g h u m is and that you ge t as m u c h p leasure in
your act iv i t ies as I do in m i n e .
References
D O G G E T T , H . 1970 . S o r g h u m . L o n d o n a n d H a r l o w , U K :
L o n g m a n , G r e e n a n d Co . , L t d .
EAST, E D W A R D M. , and J O N E S , D O N A L D F . 1919 . I n b r e e d -
i ng a n d o u t b r e e d i n g . Ph i lade lph ia a n d L o n d o n : J . B .
L i p p i n c o t t C o m p a n y .
FREDERIKSEN, R. A. , and R O S E N O W , D. T. 1 9 7 9 . B r e e d i n g
f o r d i s e a s e r e s i s t a n c e in s o r g h u m . I n P r o c e e d i n g s o f
t h e In te rna t i ona l S h o r t C o u r s e i n H o s t P lant Res is t -
a n c e . M P - 1 4 5 1 . Texas A & M Un i ve rs i t y , C o l l e g e S ta -
t i o n , Texas , USA .
HORSFALL , J A M E S G . 1972 . G e n e t i c vu lne rab i l i t y o f m a j o r
c r o p s . Na t iona l A c a d e m y o f S c i e n c e s , W a s h i n g t o n , D .
C , USA .
J O H N S O N , J . W . , R O S E N O W , D. T. , M I L L E R , F . R., and
SCHERTZ, K. F . 1 9 7 1 . S o r g h u m b r e e d i n g a n d i m p r o v e -
m e n t . P r o g r e s s R e p o r t 2 9 4 2 . I n Gra in S o r g h u m Re-
s e a r c h i n T e x a s - 1 9 7 0 , T e x a s A g r i c u l t u r a l E x p e r i m e n t
S t a t i o n , C o l l e g e S t a t i o n , T e x a s 7 7 8 4 3 , U S A .
J O H N S O N , JERRY W . , and TEETES. G E O R G E L . 1 9 7 9 . B r e e d -
i ng f o r a r t h r o p o d r e s i s t a n c e in s o r g h u m . I n P r o c e e d -
766
i n g s o f t h e In te rna t i ona l S h o r t C o u r s e i n H o s t P lant
R e s i s t a n c e . M P - 1 4 5 1 . T e x a s A & M Un ive rs i t y , Co l l ege
S t a t i o n , Texas , USA.
KARPER, R. E., a n d Q U I N B Y , J . R. 1 9 3 7 . H y b r i d v igo r in
s o r g h u m . J o u r n a l o f H e r e d i t y 2 8 : 8 2 - 9 1 .
M I L L E R , FREDERICK R. 1979 . T h e b r e e d i n g o f s o r g h u m , in 
P r o c e e d i n g s o f t h e In te rna t i ona l S h o r t C o u r s e i n H o s t
P lan t R e s i s t a n c e . M P - 1 4 5 1 . T e x a s A & M Un ive rs i t y ,
C o l l e g e S t a t i o n , T e x a s , USA .
M O R G A N , P A G E W . , M I L L E R , F . R . , a n d Q U I N B Y , J . R . 1977 .
M a n i p u l a t i o n o f s o r g h u m g r o w t h a n d d e v e l o p m e n t
w i t h g ibbe re l l i c ac i d . A g r o n o m y J o u r n a l 6 9 : 7 8 9 - 7 9 2 .
M U R T Y , U. R. , SCHERTZ, K. F. , a n d B A S H A W , E. C. 1979 .
A p o m i c t i c a n d sexua l r e p r o d u c t i o n i n s o r g h u m . Ind ian
J o u r n a l o f G e n e t i c s a n d P lant B r e e d i n g 39 : 2 7 1 - 2 7 8 .
Q U I N B Y , J . R . 1973 . T h e g e n e t i c c o n t r o l o f f l o w e r i n g a n d
g r o w t h in s o r g h u m . In A d v a n c e s in a g r o n o m y , e d . N . C.
Brady . N e w Y o r k a n d L o n d o n : A c a d e m i c P ress .
Q U I N B Y , J . R . 1 9 7 4 . S o r g h u m i m p r o v e m e n t a n d t h e
g e n e t i c s o f g r o w t h . Co l l ege S t a t i o n , T e x a s 7 7 8 4 3 :
T e x a s A & M U n i v e r s i t y p r e s s .
Q U I N B Y , J . R . (in p ress ) . I n te rac t i on o f g e n e s a n d
c y t o p l a s m s in ma le -s te r i l i t y in s o r g h u m . In P r o c e e d i n g s
o f t h e Th i r t y - f i f t h A n n u a l C o r n a n d S o r g h u m Resea rch
C o n f e r e n c e , e d s . Ha ro ld D . L o d e n a n d D o l o r e s W i l k i n -
s o n . A m e r i c a n S e e d T r a d e A s s n . , 1 0 3 0 1 5 t h St . N . W . ,
W a s h i n g t o n , D . C , USA .
Q U I N B Y , J . R., a n d KARPER, R. E. 1 9 4 5 . T h e i n h e r i t a n c e o f
t h r e e g e n e s t h a t i n f l u e n c e t i m e o f f lo ra l in i t ia t ion a n d
m a t u r i t y d a t e i n M i l o . J o u r n a l o f t h e A m e r i c a n Soc ie t y
o f A g r o n o m y 3 7 : 9 1 6 - 9 3 6 .
Q U I N B Y , J . R., a n d KARPER, R. E. 1954 . I nhe r i t ance o f
h e i g h t i n s o r g h u m . A g r o n o m y J o u r n a l 4 6 : 2 1 1 - 2 1 6 .
S I N N O T T , E D M U N D H., D U N N , L . C , a n d D O B Z H A N S K Y ,
T H E O D O S I U S . 1958 . Pr inc ip les o f g e n e t i c s . 5 t h Ed i t i on .
N e w Y o r k : M c G r a w - H i l l .
S T E P H E N S , J . C , M I L L E R , F . R . , a n d R O S E N O W , D . T . 1967 .
C o n v e r s i o n o f a l ien s o r g h u m s t o ear ly c o m b i n e t y p e s .
C r o p S c i e n c e 7 : 3 9 6 .
T R I P A T H I , D . P . 1979 . Charac te r i za t i on o f d i v e r s e c y t o -
p l a s m i c g e n e t i c m a l e s te r i l es i n s o r g h u m . P h . D . T h e s i s ,
Ind ian A g r i c u l t u r a l R e s e a r c h I n s t i t u t e , N e w D e l h i .
W E N T , F . W . 1928 . W u c h s s t o f f u n d W a c h s t u m . Rec.
T rav . B o t . Nu r l . 2 5 : 1 - 1 1 6 .
W I L L I A M S , E M I L Y A. , a n d M O R G A N , P A G E W . (in p ress ) .
Floral in i t ia t ion i n s o r g h u m h a s t e n e d by g ibbere l l i c ac id
a n d far - red l ight . P lanta :
7 6 7
T
Appendix 4 
Participants and Observers
P a r t i c i p a n t s , I n t e r n a t i o n a l S y m p o s i u m o n S o r g h u m , 2 - 7 N o v e m b e r 1 9 8 1 , I C R I S A T C e n t e r , P a t a n c h e r u , A . P . , I n d i a .
Participants and Observers
Argent ina Botswana
J. L. Scantamburlo
Sorghum Breeding
INTA-Manfredi
5988-Manfredi, Cordoba
E. E. Teyssandier
Plant Pathology
Cargill S. A. C. I.
Alem 623-2700 Pergamino
Austral ia
C. J. Asher
Crop and Pasture Nutrition
Department of Agriculture
University of Queensland
St. Lucia, Queensland 4067
V. F. Amann
Agricultural Economics
Ministry of Agriculture
P. Bag 0033
Gaborone
M. J. Jones
Agronomy
Agricultural Research Station
P. Bag 0033
Gaborone
T. L. Molefe (the late)
Plant Pathology
Agricultural Research Station
P. Bag 0033
Gaborone
S. Fukai
Crop Physiology
Department of Agriculture
University of Queensland
St. Lucia, Queensland 4067
Brazil
R. G. Henzell
Sorghum Breeding
Hermitage Research Station
Warwick, Queensland 4370
Neil C. Turner
Crop Physiology
CSIRO Division of Plant Industry
P. O. Box 1600
Canberra City, A.C.T. 2601
Keith A. White
Plant Breeding
Arthur Yates & Co P. Ltd.
Yates Research Station
P. O. Box 124
Narromine, NSW 2821
R. A. Borgonovi
Sorghum Breeding
CNPMS-EMBRAPA
Caixa Postal 151
35700-Sete Lagoas-MG
M. de A. Lira
Plant Breeding
IPA. AV. General San Martin
N: 1371. Bonji, Recife
Pernambuco
R. E. Schaffert
Plant Breeding
CNPMS/EMBRAPA
Caixa Postal 151
35700 Sete Lagoas-MG
G. L. Wilson
Sorghum Physiology
Department of Agriculture
University of Queensland
St. Lucia, Queensland 4073
E. A. Zaffaroni
Cropping Systems
Universidade Federal da Paraiba
Centra de Ciencias Agrarias
58397 Areia Paraiba
7 7 1
India
S. S. Adkoli
Plant Pathology
Rallis India Limited
Fertilizer and Pesticides Division (R&D)
1 - 7 - 2 4 1 / 1 1 , Sarojinidevi Road
Secunderabad 500 003. A. P.
S. M. Ali 
Plant Breeding
College of Agriculture, APAU
Rajendranagar
Hyderabad 500 030, A. P.
H. R. Arakeri (the late)
Agronomy
Agricultual Scientists
Recruitment Board
1202 Nirmal Tower
26 Barakhamba Road
New Delhi 110 001
S. Audilakshmi
Plant Breeding
AICSIP
IARI Regional Station
Rajendranagar
Hyderabad 500 030, A. P.
S. S. Baghel
Plant Breeding
J N K W Regional Agricultural
Research Station
Bahadari 458 002, M. P.
K. A. Balatubramanian
Plant Pathology
College of Agriculture, APAU
Rajendranagar
Hyderabad 500 030, A. P.
D. R. Bapat
Sorghum Breeding
Mahatma Phule Agricultural University
Rahuri 413 722. Maharashtra
B. R. Barwale
Seed Production
Maharashtra Hybrid Seeds Co. Ltd.
19 Rajamahal
84 Veer Nariman Road
Bombay 400 020
M. Bharathi
Cytogenetics and Plant Breeding
IARI Regional Station
Rajendranagar
Hyderabad 500 030
A. Chandrasekhar
Biochemistry
CFTRI
Mysore 570 013, Karnataka
K. R. Chopra
Seed Production
Mahendra Hybrid Seeds Co.
Post Box 52
Jalna 431 203. Maharashtra
R. K. Chopra
Plant Physiology
Water Technology Centre
Indian Agricultural Research Institute
New Delhi 110 012
R. D. Chundurwar
Entomology
Sorghum Research Station
Marathwada Agricultural University
Parbhani 431 402, Maharashtra
A. R. Dabholkar
Sorghum Breeding
College of Agriculture
Indore 452 001, M P .
K. B. Desai
Gujarat Agricultural University
P.O. Eru
Navsari 396 450, Gujarat
H. S. R. Desikachar
Rice and Pulse Technology
CFTRI
Mysore 570 013, Karnataka
T. B. Garud
Plant Pathology
Sorghum Research Station (MAU)
Parbhani 431 402, Maharashtra
J. V. Goud
Agricultural Botany
University of Agricultural Sciences
Dharwar Campus
Dharwar, Karnataka
7 7 3
B. T. S. Gowda
Genetics
Minor Millets Germplasm Unit
University of Agricultural Sciences
Bangalore 560 065
P. Joshi
Sorghum Breeding
Rajasthan College of Agriculture
Udaipur, Rajasthan
M. G. Jotwani
Entomology
Division of Entomology
Indian Agricultural Research Institute
New Delhi 110 012
S. S. Kadam
Food Science and Nutrition
Department of Food Science
Mahatma Phule Agricultural University
Rahuri 413 722. Maharashtra
P. B. Kirti
Cytogenetics and Plant Breeding
AICSIP, IARI Regional Station
Rajendranagar
Hyderabad 500 030. A.P.
R. R. Mishra
Seed Production
Maharashtra Hybrid Seeds Co. Ltd.
Post Box No. 27
Jalna 431 203. Maharashtra
V. P. Mittal
Entomology
Sorghum Research Centre
Gujarat Agricultural University
Navsari 396 450. Gujarat
K. N. Murty
Plant Breeding
Agricultural Research Institute, APAU
Rajendranagar
Hyderabad 500 030, A.P.
U. R. Murty
Genetics and Breeding
IARI Regional Station
Rajendranagar
Hyderabad 500 030, A.P.
D. Narayana
Sorghum Breeding
Agricultural Research Institute (APAU)
Rajendranagar
Hyderabad 500 030, A.P.
Nandini Nimbkar
Plant Breeding
Nimbkar Agricultural Research Institute
P.O. Box 23
Phaltan 415 523, Maharashtra
R. Parameswarappa
Plant Breeding
Agricultural Research Station
Gulbarga, Karnataka
S. R. Parvatikar
Plant Physiology
Agricultural Research Station
P.B. 18
Bijapur, Karnataka
M. N. Prasad
Sorghum Breeding
School of Genetics
Tamil Nadu Agricultural University
Coimbatore 641 003, Tamil Nadu
P. Pushpamma
College of Home Science
Saifabad
Hyderabad 500 004, A.P.
M. A. Raina
English-French Interpreter
19M Greater Kailash 1 
New Delhi 110 048
B. S. Rana
Sorghum Breeding
IARI Regional Research Station
Rajendranagar,
Hyderabad 500 030, A.P.
M. V. Rao
ICAR
Krishi Bhavan
New Delhi 110 001
V. J . Rao
Plant Breeding
AICRIP, IARI Regional Station
Rajendranagar
Hyderabad 500 030
V. Ravindranath
Plant Pathology
AICSIP, IARI Regional Station
Rajendranagar
Hyderabad 500 030, A.P.
774
B. B. Reddy
Plant Breeding
IARI Regional Station
Rajendranagar
Hyderabad 500 030. A.P.
S. K. Sinha
Plant Physiology
Water Technology Centre
Indian Agricultural Research Institute
New Delhi 110 012
C. S. Reddy
Plant Breeding
Department of Genetics and Plant Breeding
College of Agriculture, APAU
Rajendranagar
Hyderabad 500 030, A.P.
K. M. Safaeulla
Plant Pathology
Downy Mildew Research Laboratory
University of Mysore
Manasagangothri
Mysore, Karnataka
C. S. Sangitrao
Sorghum Pathology
Sorghum Research Unit
Punjabrao Krishi Vidyapeeth
Akola, Maharashtra
V. B. Shekar
Sorghum Breeding
Punjabrao Krishi Vidyapeeth
Akola. Maharashtra
V. K. Shinde
Sorghum Breeding
Marathwada Agricultural University
Parbhani, Maharashtra
S. P. Singh
Agronomy
Division of Agronomy
Indian Agricultural Research Institute
New Delhi 110 012
Puahpa Singhal
English-French Interpreter Translator
C/o Asian-African Legal Consultative Committee
27 Ring Road, Lajpat Nagar IV
New Delhi 110 024
D. N. Srivastava
Plant Pathology
ICAR
Krishi Bhavan
New Delhi 110 001
P. P. Tarhalkar
Agronomy/Cropping Systems
IARI Regional Station
Rajendranagar
Hyderabad 500 030, A.P.
V. J. Thakur
Sorghum Breeding
Pioneer Seed Co. (P) Ltd.
8 - 1 - 3 9 Tolichowki
Hyderabad 500 008, A.P.
V. V. Thobbi
Entomology
IARI Regional Station
Rajendranagar
Hyderabad 500 030, A.P.
P. N. Tupekar
Seed Production
MAHYCO
P.O. Box 27
Jalna 431 203, Maharashtra
D. S. Umat
Agronomy
College of Agriculture
Indore 452 001, M P .
R. V. Vidyabhushanam
Sorghum Breeding
AICSIP, IARI Regional Station
Rajendranagar
Hyderabad 500 030, A.P.
Israel
D. L. Singhania
Sorghum Breeding
Department of Plant Breeding
College of Agriculture
P.O. Pantnagar, Nainital, U.P.
A. Blum
Plant Breeding and Physiology
The Volcani Center
P.O. Box 6 
Bet Dagan
7 7 5
I t a l y
G. Mariami
Institute Superimentale per la Cerealicoltura
Via Cassia 176
00191 Rome
Japan
S. Ono
Sorghum Breeding
Chugoku National Agricultural Experiment Station
450 Nishifukuzu, Fukuyama-Shi
Hiroshima-Ken 921
I. Tarumoto
Sorghum Breeding
National Grassland Research Institute
Ministry of Agriculture. Forestry, and Fishery
768-Nishinasuno
Tochigi 329 -27
Kenya
D. B. Jones
Economics
Ford Foundation
P.O. Box 41081
Nairobi
J. Kapaai-Kakama
Grain Milling & Utilization
Kenya Industrial Research
and Development Institute
P.O. Box 30650
Nairobi
I. R. G. Karmall
Sorghum Breeding
NDFRS Katumani
Ministry of Agriculture
P.O. Box 340
Machakos
F. Pinto
Plant Breeding
Sorghum Development Project
P.O. Box 340
Machakos
K. V. Seshu Reddy
Entomology
ICIPE
P.O. Box 30
Mbita, (via) Homabay
M a l a w i
W. F. Chibwana
Sorghum Breeding
Ngabu Agricultural Development Division
P. Bag, Ngabu
E. M. Chintu
Sorghum Breeding
NADD
P. Bag, Ngabu
M a l i
S. M. Bonzi
Entomology
Projet Lutte Integree Mali
B.P. 438
Bamako
Magnan Diarra
ICRISAT/Mali
B. P. 34
Bamako
M. Doumbia
Entomology
Station de Recherches sur les Cultures Vivrieres et
Oleagineuses (SRCVO)
B.P. 438
Bamako
C. Ibrahlma
Chief Section Material Agricole
B.P. 487
CMDT Bamako
Niangado Oumar
B. P. 438
Bamako
J. F. Scheuring
Cereal Breeding
ICRISAT
B.P. 34
Bamako
7 7 6
O. Sidiba
Institut du Sahel
B.P. 1530
Bamako
S. Sidibe
Grain Quality
SRCVO
B.P. 438
Bamako
M e x i c o
H. R. Chaudhary
Plant Breeding
Department of Plant Breeding
UAAN, Buenavista
Saltillo, Coah.
V. Gutragossian
Sorghum Breeding
CIMMYT
Londres 40
06600 Mexico, D.F.
L. R. Herrera
Plant Breeding
Universidad de Neuvo Leon
Facultad de Agronomia
A. Postal 358
San Nicolas de los Garza. N.L
Nether lands
w. A. stoop
Agronomy
Royal Tropical Institute
Mauritskade 63
Amsterdam
Niger
Moussa Adamou
Sorghum Breeding
INRAN—Kolo
BP 429
Niamey
S. Mahamane
MDR
Project Cerealien
BP 241
Niamey
K. F. Nwanze
Entomology
ICRISAT-Centre Sahelien
B.P. 12404
Niamey
M. Ousseini
Agronomie Seed Technologie
INRAN
B.P. 429
Niamey
Nigeria
S. A. Bello
Sorghum Breeding
Plant Science Department
Ahmadu Bello University
Zaria
J. H. MacFarlane
Entomolgy
ICRISAT/SAFGRAD
Institute for Agricultural Research
Ahmadu Bello University
P.M.B. 1044
Zaria
A. T. Obilana
Sorghum Breeding
Institute for Agricultural Research
Ahmadu Bello University
P.M.B. 1044
Zaria
N. G. P. Rao
Plant Breeding
ICRISAT/SAFGRAD
Institute for Agricultural Research
Ahmadu Bello University
P.M.B. 1044
Zaria
Pakistan
H. K. Keerio
Sorghum Agronomy
Pakistan Agricultural Research Council
P.O. Box 5788
Islamabad
777
Phil ippines
Dennis P. Garrity
Crop Physiology
IRRI
P.O. Box 933
Manila
K. N. Mishra
Pioneer Hi-Bred Phil. Inc.
P.O. Box 535
Davao City 9501
J. Chantereau
Plant Breeding
CNRA
Bambey
G. Marcel
Sorghum Breeding
CNRA
BP 51
Bambey
Somal ia
E. K. Alahaydoyan
Sorghum Breeding
Institute of Agricultural Research
Ministry of Agriculture
Mogadishu
A. N. Alio
Agronomy
Agricultural Research Institute
Ministry of Agriculture
Mogadishu
M. A. Mao
Sorghum Agronomy
C/o P.O. Box 3394
Mogadishu
Sri Lanka
Bhola Nath
Sorghum Breeding
University of Peradeniya
Peradeniya
H. Doggett
Sorghum Breeding
IDRC
Private Bag
Peradeniya
S u d a n
G. Ejeta
Sorghum Breeding
Gezira Research Station
P.O. Box 126
Wad Medani
F. McGrath
American Embassy
P.O. Box 699
Khartoum
E. M. Mohamad
P.P.A. Ministry of Agriculture
Khartoum
A. E. M. Nour
Plant Breeding
Gezira Research Station
Wad Medani
Syria
P. R. Goldsworthy
Deputy Director General. Research
ICARDA
P.O. Box 5466
Aleppo
Thai land
T. Pulam
Plant Breeding
Pioneer Hi-Bred (SIAM) Ltd.
P.O. Box 16
Praputhabat
Saraburi
K. Samphantharak
Sorghum Breeding
Agronomy Department
Kasetsart University
Bangkok
778
Senega l
Siwaporn Siwawej
Food Science and Technology
Dept. of Food Science and Technology
Kasetsart University
Bangkok
W. R. Young
Entomology
The Rockefeller Foundation
GPO Box 2453
Bangkok
U g a n d a
S. E. Odelle
Plant Breeding
Research Station Serere
P.O. Soroti
U p p e r Vo l ta
R. Nicou
IRAT
B.P. 596
Ouagadougou
K. V. Ramaiah
Sorghum Breeding
ICRISAT/PNUD
B.P. 1165
Ouagadougou
U S A
J. D. Axtell
Genetics
Department of Agronomy
Purdue University
West Lafayette, IN 47907
C. R. Bastos
Plant Breeding
Mississippi State University
Agronomy Department
P.O. Box 5248
Mississippi State, MS 39672
R. L. Bruggers
Vertebrate Pest Control (Birds)
Denver Wild Life Research Center
Bldg 16. Federal Center
Denver, CO 80225
L. Butch
Department of Sociology
University of Kentucky
Lexington, KY 40546
L. G. Butler
Tannin Biochemistry
Department of Biochemistry
Purdue University
West Lafayette, IN 47907
Do Sup Chung
Grain Storage and Drying
Department of Agricultural Engineering
Kansas State University
Manhattan, KS 66506
J. Clark
Plant Breeding
Agronomy Department
Purdue University
West Lafayette, IN 47907
R. B. Clark
Physiology
USDA ARS
Department of Agronomy
University of Nebraska
Lincoln, NE 68583
M. D. Clogg
Crop Physiology
102 KCRL
University of Nebraska
Lincoln, NE 68583
J. Craig
Plant Pathology
USDA-ARS
Plant Sciences Department
Texas A&M University
College Station, TX 77843
K. A. Dahlbarg
Research Strategies
Department of Political Science
Western Michigan University
Kalamazoo, Ml 49008
J. M . J . da Wat
Crop Evolution Laboratory
AW-101 Turner Hall
1102 So. Goodwin
University of Illinois
Urbana, IL 61801
779
K. C. Diehl. Jr.
Food Texture Measurement
Department of Agricultural Engineering
Texas A & M University
College Station, TX 77843
R. A. Frederiksen
Plant Pathology
Department of Plant Sciences
Texas A & M University
College Station, TX 77843
Mary Futrell
Nutrition
Mississippi State University
Department of Home Economics
P.O.Drawer DT
Mississippi State, MS 39762
F. E. Glletrap
Entomology
Department of Entomology
Texas A & M University
College Station, TX 77843
T. Givens
Plant Breeding
Pioneer Hibred Int.
Box 1506
Plain View, TX 79702
Lywn M. Gourlay
Sorghum Breeding
Box 5248
Department of Agronomy
Mississippi State University
Mississippi State, MS 39762
T. L. Harvey
Entomology
Experiment Station
Hays, KS 47601
T. Izuno
Pioneer Hi-Bred International
1206 Mulberry Street,
Des Moines. IA 50308
R. I. Jackson
Agronomy
S&T/AGRAP
Agency for International Development
Washington, D.C. 20523
S. K. Jain
Population Genetics and Evolution
Department of Agronomy and Range Science
University of California
Davis, CA 95616
W. R. Jordan
Crop Physiology
Texas Agricultural Experiment Station
P.O. Box 748
Temple, TX 76501
S. B. King
Plant Pathology
USDA-ARS
Department of Plant Pathology
and Weed Science
P. O. Drawer PG
Mississippi State, MS 39762
A. W. Kirieis
Cereal Chemistry
Smith Hall
Department of Agronomy
Purdue University
West Lafayette, IN 47907
C. F. Klopfenstein
Nutrition
Department of Grain Science
and Industry
Kansas State University
Manhattan, KS 66506
W. B. Lacy
Department of Sociology
University of Kentucky
Lexington, KY 40546
E. R. Lang
INTSORMIL
406F Plant Sciences
University of Nebraska
Lincoln, NE 68583
W. C. MacLean
Human Nutrition
School of Hygiene and Public Health
415 N Wolfe Street
Baltimore, MD 21205
F. R. Miller
Sorghum Breeding
Department of Soil and Crop Sciences
Texas A & M University
College Station, TX 77843
D. P. Mohan
Virginia State University
P. O. Box 502
Petersburg, VA 23803
7 8 0
W. H. M. Morris
Agricultural Economics Department
Purdue University
Lafayette. IN 47907
R. J. K. Myers
Natural Resource Ecology Laboratory
Colorado State University
Fort Collins, CO 80523
D. W. Norman
Agricultural Economics
Waters Hall
Kansas State University
Manhattan. KS 66506
H. N. Pitre
Pest Management
P.O. Drawer E M .
Mississippi State University
Mississippi State, MS 39762
J. Roy Quinby
Sorghum Breeding and Genetics
Pioneer Hi-Bred International Inc.
Box 1506
Plainview, TX 79072
R. R. Rogers
Sorghum Breeding
Funk Seeds International
119, 26th Street
Lubbock, TX
L. W. Rooney
Cereal Quality Laboratory
Texas A & M University
College Station, TX 77843
D. T. Rosenow
Sorghum Breeding
Texas Agricultural Experiment Station
Route 3 
Lubbock, TX 79401
Sansan Da
Plant Breeding
Box 1926
College Station, TX 77841
S. C. Schank
Grass-Bacteria Associations
2199 McCarty Hall
University of Florida
Gainesville, FL 32611
K. Schertz
Genetics
Department of Soil and Crop Sciences
Texas A & M University
College Station, TX 77843
S. M. Sehgal
Plant Breeding
Pioneer Hi-Bred International Inc.
1206 Mulberry St.
Des Moines, IA 50322
A. D. Shepherd
Cereal Milling and Processing
USDA Western Regional Research Center
800 Buchanan Street
Albany, CA 94710
Jacqueline R. Sherman
Agricultural Economics
301 Lorch Hall
CRED
University of Michigan
Ann Arbor, Ml 48109
C. Y. Sullivan
Plant Physiology
USDA-Agricultural Research Service
University of Nebraska
205 A KCR
Lincoln, NE 68583
G. L. Teetes
Entomology
Department of Entomology
Texas A & M University
College Station, TX 77843
R. L. Vanderlip
Crop Production
Department of Agronomy
Kansas State University
Manhattan, KS 66506
O. J. Webster
Sorghum Genetics
Department of Plant Sciences
University of Arizona
Tucson, AZ 85721
D. E. Weibei
Breeding and Genetics
Agronomy Department
Oklahoma State University
Stillwater, OK 74078
781
Natale Zummo
Sorghum Pathology
Rt. 13, Box 14
Meridian, MS 39301
Venezue la
Mauricio Riccelli
Genetics, Breeding and Seed Production
Apartado 236
Maracay 2101 A 
Yemen Arab Republic
A. E. Kambal
Agronomy
P.O. Box 5788
Taiz
M. A. Saeed
Agricultural Research Station
P.O. Box 5788
Taiz
People's Democratic Republic of Yemen
Abdul Aziz Ahmad Bawazir
Plant Breeding (Wheat)
El-Kod Agricultural Research Center
C/o UNDP/FAO
P.O. Box 1188
Aden
Z a m b i a
K. N. Rao
Plant Pathology
FAO
Private Bag 7 
Chilanga
Z i m b a b w e
S. C. Muchena
Plant Breeding
Department of Crop Science
University of Zimbabwe
P.O. Box MP 167, Mt . Pleasant
Harare
J. N. Mushonga
Plant Breeding
Department of Research and Specialist Services
Crop Breeding Institute
Box 8100, Causeway
Harare
ICRISAT Center
ADMINISTRATION
L. D. Swindale, Director General
J. S. Kanwar, Director of Research
J. C. Davies, Director for International
Cooperation
S. S. Dhanoa, Principal Government
Liaison Officer
B. C. G. Gunasekera, Soil
and Water Scientist
SORGHUM
L. R. House, Principal Plant Breeder
and Leader
L. K. Mughogho, Principal
Plant Pathologist
S. 2. Mukuru, Principal Plant Breeder
J. M. Peacock, Principal Plant Physiologist
K. Leuschner, Principal Cereal Entomologist
B. L. Agrawal, Plant Breeder
B. V. S. Reddy, Plant Breeder
D. S. Murty, Plant Breeder
M. J. Vasudeva Rao, Plant Breeder
R. K. Maiti, Plant Physiologist
N. Seetharama, Plant Physiologist
S. Pande, Plant Pathologist
R. Bandyopadhyay, Plant Pathologist
H. C. Sharma, Entomologist
S. L. Taneja, Entomologist
T. Omori, Visiting Scientist (Sorghum Breeding)
782
P E A R L MIILLET T R A I N I N G
D. J. Andrews, Principal Plant Breeder
and Leader
P. J. Dart, Principal Microbiologist
K. Anand Kumar, Plant Breeder
P. Soman, Plant Physiologist
S. P. Wani, Microbiologist
G E N E T I C RESOURCES U N I T
M. H. Mengesha, Principal Germplasm
Botanist and Leader
K. E. Prasada Rao, Botanist
S. Appa Rao, Botanist
F A R M I N G S Y S T E M S
S. M. Virmani, Principal Agroclimatologist
and leader
J. R. Burford, Principal Soil Chemist
R. W. Willey, Principal Agronomist
M. V. K. Sivakumar, Principal Agroclimatologist
J. T. Moraghan, Principal Soil Scientist
M. R. Rao, Agronomist
B I O C H E M I S T R Y
R. Jambunathan, Principal Biochemist
V. Subramanian, Biochemist
U. Singh, Biochemist
E C O N O M I C S
J. G. Ryan, Principal Economist
and Leader
M. von Oppen, Principal Economist
N. S. Jodha, Senior Economist
D. L. Oswalt, Principal Training Officer
T. Nagur, Training Officer
T. Inoussa, Inservice Trainee (Upper Volta)
A. Konate, Inservice Trainee (Mali)
S. Ouedraogo, Inservice Trainee (Upper Volta)
T. S. Cox, Research Scholar (USA)
J. G. E. de Franca, Research Scholar (Brazil)
K. Diakite, Inservice Trainee (Mali)
B. Keita, Inservice Trainee (Mali)
D. J. Mackill, International Intern (USA)
M. A. de Queioroz, Research Scholar (Brazil)
7 8 3
RA-0048
I C R I S A T
International Crops Research Institute for the Semi-Arid Tropics
ICRISAT Patancheru P.O.
Andhra Pradesh 5 0 2 3 2 4 , India
